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SELECTION OF CHEMICALS FOR RECOVERIES OF GREASE, FATS AND 
PROTEINS IN FOOD PROCESSING WASTEWATER
CHAPTER I  
INTRODUCTION
The d is c h a rg e  o f  i n d u s t r i a l  w as tew a te r  has become a  s i g n i f i c a n t  a re a  
o f  co n ce rn  and p u b l i c  r e g u la t in g  b o d ie s  have become in c r e a s in g ly  
in v o lv e d  w ith  th e  e s ta b l i s h m e n t  o f w a te r  q u a l i t y  c r i t e r i a .  Many ty p e s  o f 
s u b s ta n c e s ,  when d is c h a rg e d  i n t o  a  r e c e iv in g  body o f  w a te r ,  d e g ra d e  th e  
w a te r  q u a l i ty  to  su c h  an  e x te n t  t h a t  th e  b e n e f i c i a l  u se s  o f th e  s tream  
a r e  no lo n g e r  a t t a i n a b l e .  W hile  no s in g le  in d u s t r y  w i l l  p o l l u t e  a  s tream  
w i th  a l l  ty p e s  o f  h a rm fu l s u b s ta n c e s ,  s u f f i c i e n t  q u a n t i t i e s  o r  co m b in a tio n s  
o f  even a  few p o l l u t a n t s  can  c a u se  s i g n i f i c a n t  w a te r  q u a l i t y  d e g ra d a tio n .
A r e c e n t  EPA r e p o r t  (1) c a l l e d  th e  w a s te w a te r  d is c h a rg e d  from  meat 
p ack in g  p la n ts  th e  num ber one p o t e n t i a l  p o l l u t e r  among th e  fo o d  and k in d re d  
p ro d u c ts  i n d u s t r i e s .  R ecen t su rv e y s  o f th e  p o l l u t i o n a l  lo a d  i n  m eat p ack in g  
w a s te w a te rs  show th e  im p o r ta n t  s ig n i f i c a n c e  o f  th e s e  ty p e s  o f  w a s te s  and 
t h e  consequences th e y  hav e  on ou r w as tew a te r  t r e a tm e n t  p ro g ra m s. A summary 
o f  th e  s tu d ie s  f o r  p a c k in g  p l a n t s  i s  shown in  T ab le  1.
A com parison  o f  th e  v a r io u s  p a ra m e te rs  betw een s tu d ie s  shows a rem ark­
a b l e  s i m i l a r i t y ,  i n d i c a t i n g  t h a t  a l l  th e  su rv e y o rs  sam pled b o th  poor and w e l l
2T a b le  1. Meat P ack ing  Waste Load C h a r a c t e r i s t i c s  ( 1 ) .
No. o f P la n ts
Mean V a lu es , :lb s /1 0 0 0  lb s  L iv e  W eight K i l l e d
S u rv ey  By i n  Survey BOD SS G rease N itro g e n
N o r th  S ta r 52 12.1 8 .7 6 .0 1.0
Mohlman 16 14 .6 11 .3 1 .6 1.7
H i l l 10 15 .0 12 .4 — — “ 1.7
K e r r ig a n 10 11 .8 9 .0 8 .2 0 .9
A verage “ 1 3 .3 1 0 .3 5 .2 1.3
o p e ra te d  p la n t s  to  abou t th e  same d e g re e .
The amount o f s o l id s ,  BOD, g r e a s e ,  and n it r o g e n  in  th e  w a s te w a te r  
h a s  a  s i g n i f i c a n t  e f f e c t  on c o s ts  o f  o p e ra t in g  v a r io u s  u n i t s  i n  a  w aste  
t r e a tm e n t  sy stem . The s o l id s  c o n t r ib u te  a  heavy  lo ad  to  p rim a ry  c l a r i f i e r a  
and  add to  th e  s lu d g e  d is p o s a l  c o s t s .  In  many c a s e s ,  s e v e re  od o r problem s 
a r e  e x p e rien ced  by th e  tre a tm e n t p la n t  b eca u se  s o l id s  d eg rad e  r a p id ly  and 
c a u s e  an a n a e ro b ic  c o n d i t io n .  A heavy lo a d  o f  g re a se  i n t e r f e r e s  w ith  th e  
b io l o g ic a l  p ro c e s s .  G rease c o a ts  th e  m edia o f  t r i c k l i n g  f i l t e r s ,  th u s  r e ­
d u c in g  t r e a tm e n t . I t s  p re sen ce  a l s o  i s  r e p o r te d  to  be d e t r im e n ta l  to  th e  
p erfo rm an ce  o f  a c t iv a te d  s lu d g e  system s ( 2 ) .
Simple changes o f  in - p l a n t  m ethods can  b r in g  abou t l a r g e  r e d u c t io n s  
i n  w as te  lo a d s .  I t  i s  n o t p o s s ib le  to  p ro c e s s  m eat w ith o u t c o n c u r re n t ly  
p ro d u c in g  a w a s te ; how ever, i t  i s  p o s s ib le  to  change th e  p ro c e s s  to  red u ce  
t h e  p ro d u c t lo s s  w hich in  tu rn  s i g n i f i c a n t l y  re d u c e s  th e  c o s t  o f  w aste  
t r e a tm e n t .
The F e d e ra l W ater P o l lu t io n  C o n tro l Act Amendments o f 1972 (PL 92-500) 
te rm in a te d  th e  p e rm it  system  e s ta b l i s h e d  by th e  1899 R efuse A c t,  and c r e a te d  
a w a s te w a te r  d is c h a rg e  p e rm it sy stem  to  be a d m in is te re d  by EPA. The law  
r e q u i r e s  p re tr e a tm e n t e f f lu e n t  s ta n d a rd s  on m eat p la n ts  w hich d is c h a rg e  to  
m u n ic ip a l tr e a tm e n t works and n a t io n a l  s ta n d a rd s  o f  perfo rm ance on meat p la n t s  
w hich have t h e i r  own tre a tm e n t works and d is c h a rg e  on a w a te r  c o u rs e . The 
law a l s o  s e t s  a d e a d l in e  o f J u ly  1 , 1983 fo r  com pliance w ith  th e  d is c h a rg e  
l i m i t a t i o n s .
By J u ly  1, 1983, meat in d u s try  tre a tm e n t w orks s h a l l  a p p ly  th e  b e s t  
a v a i l a b l e  te ch n o lo g y  eco n o m ica lly  a c h ie v a b le  w hich  w i l l  r e s u l t  in  re a s o n a b le  
f u r t h e r  p ro g re s s  tow ard  th e  n a t io n a l  g o a l of e l im in a t in g  th e  d is c h a rg e  o f  
a l l  p o l l u t a n t s .  As s t a t e d  in  S ec. 306 o f  PL 9 2 -500 , e l im in a t io n  o f th e  
d is c h a rg e  o f a l l  p o o lu ta n ts  by th e  m eat in d u s tr y  w i l l  be r e q u i r e d  by t h i s  
d a te  i f  th e  A d m in is tra to r  o f  EPA f in d s  t h a t  i t  i s  te c h n ic a l ly  and economi­
c a l l y  f e a s ib l e .
N a tio n a l p r e tr e a tm e n t  s ta n d a rd s  w i l l  l i m i t  d isc h a rg e s  i n t o  m u n ic ip a l 
t r e a tm e n t  w orks, n e c e s s i t a t i n g  i n - p l a n t  c o n t ro l s  and p re tre a tm e n t f a c i l i ­
t i e s  in  th e  meat p l a n t  i t s e l f .  Any in d u s try  f a i l i n g  to  meet e s ta b l i s h e d  
l i m i t s  m ust pay a  h ig h e r  ch a rg e .
The u s e r  c h a rg e , as i t  i s  known to d a y , w i l l  change a b r u p t ly  in  th e  
f u tu r e .  A s i g n i f i c a n t l y  h ig h e r  u s e r  ch a rg e  i s  i n  th e  o f f in g  b e c a u se  PL 
92-500 r e q u ir e s  t h e  m u n ic ip a l i ty  to  r e c o v e r ,  th e  o p e ra t io n a l  c o s t s  and 
rep la cem e n t v a lu e  a t t r i b u t a b l e  to  th e  i n d u s t r i a l  tre a tm e n t p o r t i o n  of any 
m u n ic ip a l w aste  t r e a tm e n t  system  c o n s tru c te d  w ith  F ed e ra l g r a n t s .  P r e t r e a t ­
ment s ta n d a rd s  a l s o  p r o h ib i t  th e  d is c h a rg e  o f  to x i c  m a te r ia ls  and e s t a b l i s h  
l i m i t s  on p o l l u t a n t s  n o t s u s c e p t ib le  to  th e  t r e a tm e n t  o r w hich  i n t e r f e r e  w ith  
o p e r a t io n  o f th e  m u n ic ip a l tr e a tm e n t w orks.
4The law  i s  q u i t e  in c lu s iv e  and  r e q u ir e s  th e  A d m in is t ra to r  o f  EPA to  
d e f in e  th e  b e s t  p r a c t i c a l  c o n t ro l  te c h n o lo g y , th e  b e s t  a v a i l a b l e  te ch n o lo g y  
e c o n o m ic a lly  f e a s i b l e  and  p r e t r e a tm e n t  s ta n d a r d s .  The A d m in is tra to r  must 
p ro m u lg a te  minimum re q u ire m e n ts  f o r  d a ta  a c q u i s i t i o n  from  ow ners and o p e ra ­
to r s  o f  p o in t  so u rc e s  o f  d is c h a rg e .
P r e s e n t l y ,  th e  lo w e s t  r e p o r te d  d is c h a rg e  a c h ie v e d  in  t r e a t i n g  w aste  i n  
th e  m eat in d u s try  h a s  b e e n , on an  a v e ra g e , 3 m g/1 o f  BOD  ^ and SS, 0 .5  mg/1 
p h o sp h a te  a s  P, and 0 .3  mg/1 K je ld a h l  n i t r o g e n  and no d e t e c ta b le  g re a se  ( 3 ) .  
These a r e  more th a n  s a t i s f a c t o r y  c o n c e n tr a t io n s  f o r  m e e tin g  th e  p re s e n t  s t a n ­
d a rd s .  However, i t  i s  re a s o n a b le  t o  expect t h a t  d is c h a rg e  l i m i t a t i o n s  w i l l  
become m ore s t r i n g e n t  a s  th e  d e a d l in e s  su g g e s te d  by PL 92-500 app ro ach . I f  
a l l  o f  th e  m eat i n d u s t r y  can  a c h ie v e  th e se  c o n c e n t r a t io n s  o r  z e ro  d is c h a rg e ,  
i t  may b e  to  t h e i r  a d v a n ta g e  to  c o n s id e r  a  c lo s e d - lo o p  w a te r  sy stem .
A new l i n e  o f  a p p ro a c h  to  th e  tre a tm e n t o f  many w a s te w a te rs  has been  p ro ­
v id e d  by th e  d is c o v e ry  and developm ent o f c h e m ic a l p ro c e s s e s ,  such  as t h a t  
f o r  s e l e c t i v e l y  p r e c i p i t a t i n g  c e r t a i n  o rg a n ic  com pounds. In  many in s ta n c e s ,  
th e s e  p ro c e s s e s  r e p r e s e n t  an  a l t e r n a t i v e  to  b i o l o g i c a l  t r e a tm e n t  sy stem s. 
M ethods have been  d ev e lo p e d  fo r  t h e  re c o v e ry  o f  p r o t e i n  c o n ta in e d  in  w a s te ­
w a te r  from  th e  p r o c e s s in g  o f  b e e f ,  p o rk , p o u l t r y ,  f i s h  and d a i r y  p ro d u c ts .
By th e s e  m ethods 70-80  p e rc e n t r e d u c t io n  in  b io c h e m ic a l oxygen demand (BOD) 
can  be  a c h ie v e d . The p ro c e s s  in v o lv e s  p r e c i p i t a t i o n  o f  p r o t e i n  by th e  
a d d i t io n  o f  p r e c i p i t a t i n g  a g e n ts  ( 4 ,  5 , 6 ) .  The p r e c i p i t a t e d  p r o te in ,  as  
w e ll  a s  g re a s e  and in s o lu b l e  m a t e r i a l s ,  i s  s e p a ra te d  by d is s o v le d  a i r  f l o t ­
a t i o n  o r  g r a v i ty  s e p a r a t i o n .  The e f f lu e n t  i s  g r e a t l y  red u ce d  in  n i t r o g e n ,  
g r a s e ,  suspended  s o l i d s ,  BOD, and l i v in g  o rg an ism s can  th e n  b e  d isc h a rg e d
i n t o  a  s tream . The s lu d g e  o b ta in e d  a f t e r  p r e c i p i t a t i o n  can  be  used  as  h ig h  
g ra d e  food supp lem en ts  f o r  a n im a ls .
By th e  p ro c e s s  d e s c r ib e d , i t  i s  p o s s ib le  to  remove p r o te in  eco n o m ica lly  
from  i n d u s t r i a l  w as tew a te r and re c o v e r  i t  a s  a  v a lu a b le  b y -p ro d u c t. The 
p ro c e s s  has n o t been  p u t in to  p r a c t i c e  in  i n d u s t r i e s  in  th e  U n ited  S ta te s .  
T h ere  i s  a need to  id e n t i f y  th e  p r e c i p i t a t i n g  a g e n ts  w hich co u ld  be used  
to  t r e a t  th e  p r o te in - c o n ta in in g  w a s te w a te r  eco n o m ica lly .
CHAPTER II
LITERATURE SURVEY
W asterw ater T rea tm en t P ro c e s s e s  
P ack inghouse w a s te s ,  b e in g  a lm o st co m p le te ly  composed o f b io d e g ra d a b le  
o rg a n ic  m a te r i a l ,  r e a d i ly  le n d  th em se lv es  to  b i o l o g i c a l  w aste  tre a tm e n t 
m ethods. The e x c e p tio n s  to  t h i s  a re  th e  la r g e  q u a n t i t i e s  of s a l t  used  in  
some p ro c e s s e s  su ch  a s  th e  p r e s e r v a t io n  o f h id e s ,  and th e  d e te rg e n ts  used 
in  c lean u p  o p e r a t io n s .  W aste d is p o s a l  m ethods h av e  been  found w hich encompass 
e v e ry th in g  from no tre a tm e n t to  f a i r l y  complex t r e a tm e n t  m ethods in c lu d in g  
p r im a ry , se c o n d a ry , and , in  a  few c a s e s ,  t e r t i a r y  tr e a tm e n t .
In  th e  p a s t  some meat p ro c e s s in g  in d u s t r i e s  d is c h a rg e d  w a s te s ,  o f te n  
c o n ta in in g  w aste  m a te r ia l s  such  as  paunch m anure, w hole b lood  and e n t r a i l s ,  
d i r e c t l y  in to  th e  n e a r e s t  s tre a m . In  g e n e ra l ,  t h i s  has been d is c o n tin u e d  
by a l l  b u t  th e  s m a l le s t  and m ost rem ote  s la u g h te rh o u s e s .
T h is  s e c t io n  d e s c r ib e s  many o f th e  te c h n iq u e s  and te c h n o lo g ie s  t h a t  a re  
a v a i l a b l e  o r  t h a t  a r e  being  developed  to  a c h ie v e  th e  v a r io u s  le v e l s  o f  w aste  
r e d u c t io n  in  m eat p ro c e s s in g  i n d u s t r i e s .  P rim ary  tre a tm e n t in  many ca se s  i s  
a  m a te r ia l s  re c o v e ry  p ro c e s s ,  and i s  c o n s id e re d  a s  p a r t  o f  th e  in - p l a n t  p ro ­
c e s s in g  system . Many of th e s e  system s can be im proved to  red u ce  p o l lu t io n  
l e v e l s .
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Review o f p re v io u s ly  p u b lish e d  m eat p a c k in g  l i t e r a t u r e  s u g g e s ts  many 
a r e a s  o f  p o t e n t i a l  w a te r  and w aste  r e d u c t io n .  One o f  th e  m ajor s o u rc e s  o f  
in - p l a n t  p o l l u t i o n  i s  th e  b lood  from  th e  k i l l  f l o o r .  Whole b lo o d  has a BOD  ^
o f  156,500 to  198,000 mg/1 and an e s t im a te d  u l t im a te  b io lo g ic a l  oxygen demand 
(BOD^) o f 405 ,000  m g/1; t h i s  r e p r e s e n t s  a p o t e n t i a l  BOD  ^ lo ad  o f  7 to  15 lb s  
p e r  1 ,000 lb s  LWK (7 , 8 ) .  C o n ten ts  o f  th e  b e e f  paunch , o r rum en, a ls o  
r e p r e s e n t  a  p rim ary  p o l lu t io n  h a z a rd . T h is  p a r t i a l l y  d ig e s te d  m a te r ia l  
e x e r t s  a BOD  ^ o f 50 ,200  to  104,000 mg/1 o r  3 to  6 lb s  p e r  1 ,000 lb s  
(7 , 8 ) .
D eh y d ra tin g  c a t t l e  whole b lo o d  and rumen by g a s - f i r e d  d ry e rs  i s  an 
eco n o m ica lly  f e a s i b l e  method o f  h a n d lin g  th e s e  m a te r ia l s  in  a b e e f - s la u g h ­
te r i n g  o p e r a t io n .  The d e h y d ra tio n  o f  9 2 .4  p e r c e n t  o f  th e  b lood  and 75 p e r ­
c e n t o f th e  rumen ( th e  a d d i t io n a l  25 p e rc e n t  o f  th e  rumen b e in g  e i t h e r  h a u le d  
away o r  re n d e re d )  r e p re s e n te d  a  re c o v e ry  o f  8 2 .4  p e r c e n t  o f th e  t o t a l  COD and
8 6 .4  p e rc e n t o f th e  t o t a l  BOD^  g e n e ra te d  by th e s e  m a te r ia ls  ( 7 ) .
P rim ary  T rea tm en t
V ario u s  co m b in a tio n s  o f f a c i l i t i e s  f o r  i n - p l a n t  p rim ary  t r e a tm e n t may 
be u se d , in c lu d in g  s c re e n in g , g r a v i ty  g re a s e  and s o l id s  s e p a r a t io n ,  d is s o lv e d  
a i r  f l o t a t i o n ,  and b io lo g ic a l  t r e a tm e n t  o f  v a r io u s  ty p e s  (9 ) . S in c e  much 
o f  th e  p o l l u t a n t  m a tte r  in  m eat p ro c e s s in g  w a s te s  i s  o r ig i n a l l y  a  s o l id  
(m eat and f a t  p a r t i c l e s ) , i n t e r c e p t io n  o f th e  w a s te  m a te r ia l  by v a r io u s  ty p e s  
o f  s c re e n s  i s  a n a t u r a l  f i r s t  s t e p .  S t a t i c ,  v ib r a t i n g  and r o ta r y  sc re e n s  
a r e  th e  p rim ary  ty p e s  u sed  fo r  i n - p l a n t  p rim ary  t r e a tm e n t .  Up to  82 p e rc e n t  
s o l id s  rem oval h as  been  re p o r te d  ( 9 ) .  G ra v ity  c l a r i f i e r s  fo r  g re a s e  and 
s o l id s  s e p a r a t io n  w i l l  remove 20-30 p e rc e n t  o f  th e  BOD, 40-50 p e r c e n t  o f  th e
8suspended  s o l id s ,  and 50-60 p e rc e n t o f  th e  g re a s e  (1 2 ) .
D isso lv ed  a i r  f l o t a t i o n  system s w ith o u t ch em ica l tre a tm e n t a r e  c a p a b le  
o f rem oving about 30-40 p e rc e n t  o f th e  BOD, 55-60  p e rc e n t  o f th e  suspended  
s o l i d s ,  and 80-90 p e rc e n t o f  th e  g r e a s e  (10 , 1 1 ) . C om binations o f g r a v i ­
ty  c a tc h  b a s in s  (ab o u t 25-30  m in u tes  d e te n t io n )  o r  g r i t  cham bers fo llo w ed  
by d is s o lv e d  a i r  f l o t a t i o n  produce somewhat b e t t e r  r e s u l t s  (1 0 ) .
Chem ical c o a g u la tio n  and t r e a tm e n t o f m eat in d u s t r y  w aste  have a l s o  been  
in v e s t ig a te d  and u se d , a l th o u g h  n o t  e x te n s iv e ly .  Johnson  in d ic a te d  t h a t  th e  
a d d i t io n  of alum im proved BOD rem oval by 2 .5  m g/1, and g re a se  rem oval by 1 .5  
mg/1 f o r  each mg/1 o f alum added (1 1 ) .
S e v e ra l in v e s t ig a t o r s  re p o r te d  t h a t  BOD, su sp en d ed  s o l i d s ,  and g re a s e  
rem o v a ls  of 75 -85 , 90 -98 , and 90-95 p e r c e n t ,  r e s p e c t iv e l y ,  had been  a t t a in e d  
by u s in g  d is so lv e d  a i r  f l o t a t i o n  sy stem s w ith  c h em ica l tre a tm e n t (1 2 , 13, 1 4 ) .
L a rso n , K.D. ^  a l .  (13) e v a lu a te d  th e  BOD and suspended s o l id s  rem oval 
e f f i c i e n c y  of ch em ica l f l o c c u la t io n  and s e t t l i n g  u s in g  s e v e ra l  ch em ica ls  
l i s t e d  i n  T ables 2 and 3 . Of a l l  t h e  ch em ica ls  t e s t e d  and tr e a tm e n t  schemes 
d e m o n stra te d , a d u a l system  of f e r r i c  c h lo r id e  fo llo w e d  by a h ig h  m o le c u la r  
w e ig h t ,  a n io n ic ,  o rg a n ic  p o ly e l e c t r o ly t e  proved  to  b e  th e  m ost e f f e c t i v e .
T h is  system  r e s u l t e d  in  a  72 p e rc e n t re d u c t io n  i n  suspended s o l id s  and 54 
p e rc e n t  re d u c tio n  in  BOD. T h is  sh o u ld  be  compared to  a c o n t ro l  f l o c c u la t i o n  
p lu s  s e t t l i n g  w ith o u t ch em ica ls  in  w hich  th e  rem ova l e f f i c i e n c i e s  w ere  56 
p e r c e n t  and 29 p e r c e n t ,  r e s p e c t iv e l y .
G a rr iso n  and G eppert (15) in v e s t ig a te d  s e v e r a l  methods o f  w a s te  t r e a t ­
m ent a t  th e  R ath P ack ing  p la n t  in  W ate rlo o , Iow a. L iq u id - s o l id  cy c lo n e  
s e p a r a t io n  was t r i e d  w ith  i n t e r c e p t o r  w a s te s , and i t  was found th a t  59 p e rc e n t  
o f a l l  s o l id s  and 69 p e rc e n t  of th e  g re a s e  w ere c o n c e n tra te d  i n  15 p e rc e n t  o f
T a b le  2 .  S in g le  F lo c c u la n t  E v a lu a t io n  (16).
C h em ica l
Optimum o r  
maximum dosage 
(m g/1)
R e s u l t s
C algon  ST-260 20 Medium, vo lum inous f l o c  form ed
C algon  269 2 P o o r  f lo c c u la t io n
N alco  607 20 P o o r f l o c c u la t i o n
N alco  675 2 P o o r  f l o c c u la t i o n
N alco  610 20 Medium flow  w ith  some c l a r i t y
N alco  603 40 No a c t i v i t y
H e rc u le s  220 20 L a rg e , dense  f lo c  form ed
Dow A -21 4 L a rg e , dense  f l o c  form ed
Dow A -22 2 No a c t i v i t y
Dow A -23 2 No a c t i v i t y
Dow G -31 50 No a c t i v i t y
Dow G -32 50 No a c t i v i t y
Dow SA 118. lA 50 No a c t i v i t y
Dow SA 11881. F 50 No a c t i v i t y
Dow SA 1569 50 No a c t i v i t y
Dow SA 1767 40 No a c t i v i t y
Dow 1 6 2 1 .2 40 No a c t i v i t y
Dow N -11 2 No a c t i v i t y
Dow N -12 2 No a c t i v i t y
Dow N -17 2 No a c t i v i t y
FeG lg (an h y d ro u s) 100 Medium volum inous f l o c ,  
e x c e l l e n t  c l a r i t y
G e n e ra l  M ills*  162 35 No a c t i v i t y
G e n e ra l  M ills*  263 35 No a c t i v i t y
P o ly e th y le n e  im ine 50 F in e  vo lum inous f lo c  form ed
*
G e n e ra l  M il l s  I n c . , K ankakee, I l l i n o i s .
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T able 3 . Dual F lo c c u la n t  E v a lu a tio n  (16)
Chem ical #1 Chem ical #2 R e s u lts
FeClg (anhydrous) Dow A-21 No sy nerg ism
FeClg (anhydrous) N alco 610 No syn erg ism
FeClg (anhydrous) N alco 675 S ynerg ism  s u sp e c te d
Calgon 260 Dow A-21 No syn erg ism
H ercu le s  220 Dow A-21 No syn erg ism
Calgon 260 N alco 610 No sy n erg ism
H ercu le s  220 N alco 610 No sy n erg ism
FeClg (anhydrous) I ro n  o re No sy n erg ism
FeClg (anhydrous) Calgon 260 No syn erg ism
FeClg (anhydrous) R eten  220 No syn erg ism
FeClg (anhydrous) A-22 No syn erg ism
FeClg (anhydrous) A-23 Synerg ism  s u sp e c te d
Dow A-21 I ro n  o re No syn erg ism
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th e  t o t a l  f lo w . I t  was d e c id e  th a t  th e s e  s e p a r a to r s  would have been more 
e f f e c t i v e  i f  u sed  in  s e r i e s .  Vacuum f i l t r a t i o n  was t r i e d  on in t e r c e p to r  
bo ttom  s lu d g e . T h is  proved e f f e c t i v e  to  th e  e x te n t  th a t  80 p e rc e n t o f  th e  
s o l id s  w ere rem oved. A f i l t e r  a id  was found h e lp f u l  in  im prov ing  s o l id s  
re c o v e ry . C e n t r i f u g a t io n  was found to  remove 70 to  83 p e rc e n t  o f th e  s o l id s  
b u t  was to o  c o s t l y  f o r  t h i s  p u rp o se .
Secondary T rea tm en t
The seco n d ary  tre a tm e n t m ethods commonly used  f o r  th e  tr e a tm e n t o f  m eat 
p ro c e s s in g  and m eat pack ing  w a s te s  in c lu d e  a n a e ro b ic  la g o o n s , a e ro b ic  la g o o n s , 
v a r i a t i o n s  o f th e  a c t iv a te d  s lu d g e  p ro c e s s ,  h ig h - r a t e  t r i c k l i n g  f i l t e r s ,  and 
r o t a t i n g  b i o l o g i c a l  d i s k s .  T hese  system s a r e  c a p a b le  of p ro v id in g  70 to  97 
p e rc e n t  BOD  ^ re d u c t io n s  and 80 to  95 p e rc e n t suspended s o l id s  r e d u c t io n .  
C om binations o f th e s e  system s can  a c h ie v e  r e d u c t io n s  g r e a te r  th a n  99 p e rc e n t 
i n  BODg and g r e a s e ,  and g r e a t e r  th an  97 p e rc e n t i n  suspended s o l id s .
A naerob ic  Lagoons
O rganic c o n c e n tr a t io n s ,  b o th  p a r t i c u l a t e  and d is s o lv e d ,  o f  i n d u s t r i a l  
w a s te w a te rs  a r e  f r e q u e n t ly  an o rd e r  o f m agn itude g r e a te r  th a n  th o se  o f muni­
c i p a l  w a s te w a te rs . D uring r e c e n t  y e a r s ,  th e  m eat p ro c e s s in g  in d u s try  h as  
re c o g n iz e d  th e  in h e re n t  ad v a n ta g e s  o f  a n a e ro b ic  lag o o n s f o r  th e  s t a b i l i z a ­
t i o n  o f  h ig h  s t r e n g th  o rg a n ic  w a s te w a te rs . The a n a e ro b ic  lag o o n  i s  th e  
t re a tm e n t p ro c e s s  w id e ly  used  a t  meat p ack in g  and p o u lt ry  p ro c e s s in g  p l a n t s .  
(1 6 ) .  The a n a e ro b ic  p ro c e s s  i s  e s p e c i a l l y  s u i te d  f o r  t r e a tm e n t o f  con­
c e n t r a te d  h o t  w a s te w a te rs  from  th e se  p l a n t s  (1 6 ).
A Summary o f  th e  o p e ra t in g  d a ta  f o r  r e p r e s e n ta t iv e  a n a e ro b ic  lag o o n s 
t r e a t i n g  m eat p a c k in g  w a s te w a te rs  i s  p re s e n te d  in  T ab le  4 . The e f f e c -  
t iv e n e s s -o f= a n a e ro b ie r ik g o o h in g o o f  m eat p ro c e s s in g s w A s te s h a s s b e e n  w e ll
Table 4. Data for Anaerobic Lagoons BOD Meat Processing Wastewaters.
I n v e s t i g a to r / s
R efe ren ce
BOD
I n f lu e n t
(mg/1)
E f f lu e n t
BOD Removal
%
BOD L oading- 
lb s /1 0 0 0  f t
T em peratu re
C
S o llo  (17) 1,096 159 8 5 .5 ----- ---—
R o lla g  & 
Dornbush (18) 940 458 58 .2 16.1 25
E nders e t  a l . 1 ,880 350 8 7 .0 3 1 .4 22-27
Wymore & W hite (19) ----- 670 64.9 12 .7 -----
H e s te r  & 
McCIurg (27) 1,703 122 92 .8 9 .0 24
D ie tz  ^ t  aÆ. (28) 3 ,000 300 9 0 .0 — — 25-26
C oerver (20) 2 ,070 158 92.4 ----- —---
13
e s ta b l i s h e d .  BOD rem oval e f f i c i e n c i e s  o f 60-90  p e rc e n t (T a b le  4) h av e  been  
c o n s i s te n t ly  d em o n stra ted  a t  o rg an ic  lo a d in g s  o f  10-30 l b s  o f  BOD/1000 cu 
f t / d a y .  N u isan ce  odors g e n e ra l ly  have n o t b een  a  problem  w ith  m eat w a s te s  
(1 7 , 18, 19, 2 0 ) .  A th i c k  scum la y e r  o f  g r e a s e  i s  f r e q u e n t ly  a llo w ed  to  accu­
m u la te  on th e  s u r f a c e  o f th e  lagoon to  r e t a r d  h e a t  l o s s ,  to  en su re  a n a e ro b ic  
c o n d i t io n s ,  and h o p e fu lly  to  r e t a i n  obnoxious o d o rs . Low pH and w ind can  
a d v e rse ly  a f f e c t  th e  scum la y e r  (21, 22 , 2 3 ). Some s t a t e s  r e q u i r e  a  co v e r 
i n  p a lc e  o f  t h e  scum la y e r .  N y lo n -re in fo rc e d  H ypalon, p o ly v in y l  c h l o r i d e ,  
and s ty ro foam  have been u sed  (2 4 ). P ro p e r ly  i n s t a l l e d  c o v e rs  p ro v id e  a 
co n v en ien t means f o r  odor c o n t ro l  and c o l l e c t i o n  of th e  b y -p ro d u c t,  m ethane 
g a s .
For th e  b e s t  o p e r a t io n ,  th e  pH sh o u ld  be  betw een 7 .0  and 8 .5 .  A t a  pH 
below  7 .0 , m ethan e-fo rm in g  b a c te r ia  w i l l  n o t s u rv iv e ,  and  a c id  fo rm e rs  w i l l  
p redom inate  p ro d u c in g  n o x io u s  o do rs . At a pH above 8 .5 ,  a c id - fo rm in g  b a c t e r i a  
w i l l  be su p p re sse d  and low er th e  loagoon  e f f i c i e n c y  (25) .
A dvantages o f  an  a n a e ro b ic  lagoon  system  a r e  i n i t i a l  low  c o s t ,  e a s e  o f  
o p e ra t io n ,  and  th e  a b i l i t y  to  han d le  la r g e  g re a S e  and sh o c k  w aste  lo a d s  w h ile  
c o n tin u in g  to  p ro v id e  a c o n s i s te n t  q u a l i ty  e f f l u e n t  (26) . D isa d v a n ta g e s  o f 
an  a n ae ro b ic  lag o o n  a r e  th e  hydrogen s u l f i d e  g e n e ra te d  from  th e s e  s u l f a t e d -  
c o n ta in in g -w a s te  w a te rs  and th e  t y p i c a l l y  h ig h  ammonia c o n c e n t r a t io n s  i n  th e  
e f f lu e n t  o f  100 mg/1 o r  m ore (2 4 ). I f  low pH c o n d i t io n s  d e v e lo p , s u l f i d e  
odors r e s u l t .  S u lf id e  o d o rs  can be removed by adding i r o n  f i l i n g s  to  remove 
s u l f id e s  (2 0 ) .
O x id a tio n  Ponds
The meat packing industry has made extensive use of oxidation ponds. 
Because of the high suspended solids and high BOD in packing house waste 
they are usually proceeded by anaerobic lagoon. The loading
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r a t e s  o f  o x id a t io n  ponds r a n g e  from  60 lb s  B O D /acre/day to  214 lb s  BO D /acre/ 
day (1 6 , 2 5 ). BOD r e d u c t io n s  o f 53-96 p e rc e n t  can be  a t t a in e d  by o x id a t io n  
ponds i n  t r e a t i n g  meat p a c k in g  p la n t  w a s te s  (1 6 , 2 5 ) . T ab le  5 shows th e  
m edian v a lu e s  o f  th e  BOD lo a d in g  r a t e s ,  rem oval e f f i c i e n c i e s ,  a s  w e ll  a s  
d ep th  and  r e t e n t io n  p e r io d s  f o r  v a r io u s  i n d u s t r i a l  o x id a t io n  ponds.
The ad v an tag es  o f o x id a t io n  ponds a r e  t h a t  th e  c a p i t a l  c o s t  i s  low er 
th an  f o r  m ech an ica l s y s te m s , th e y  r e q u i r e  l e s s  m a in ten a n ce , and th e y  a l s o  
p e rm it f lo w  c o n t r o l  and w a s te w a te r  s to r a g e .  D isad v an ta g es  a r e  th e  l im i te d  
and in c o n s i s t e n t  rem oval o f  p o l l u t a n t s ;  th e  a lg a e  grow th problem  w hich in ­
c r e a s e s  th e  suspended  s o l i d s  c o n c e n tr a t io n  and th e  pH f r e q u e n t ly  to  g r e a te r  
th an  9 .0  f o r  s e v e r a l  m onths o f  th e  y e a r ;  and th e  la r g e  la n d  re q u ire m e n t (2 5 ).
Table 5 .  Median V alues f o r  I n d u s t r i a l  O x id a tio n  Ponds (2 9 ) .
In d u s tr y
BOD L oad ing  
( lb s / a c r e /d a y )
% BOD 
R eduction
R e te n tio n  
Time (days)
D epth
( f e e t )
C anning 139 98 38 5 .8
Meat & P o u ltry 72 80 70 3 .0
P e tro le u m 28 76 25 5 .0
D airy 22 95 98 5 .0
Paper 105 80 30 5 .0
R en d erin g 36 76 48 4 .2
A e ra te d  Lagoons
A e ra te d  lag o o n s  have  b een  used s u c c e s s f u l ly  f o r  many y e a rs  in  a  sm a ll 
number o f  i n s t a l l a t i o n s  t r e a t i n g  meat p ack in g  w a s te s .  The a e ra te d  la g o o n
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has been -used f o r  p re tre a tm e n t p r io r  to  d is c h a rg e  to  a  m u n ic ip a l i ty  o r  as  a 
p ro cess  betw een an a n a e ro b ic  lagoon  and an a e ro b ic  la g o o n .
A era ted  lagoons u se  e i t h e r  f ix e d  m ech an ica l tu r b in e - ty p e  a e r a t o r s ,  f l o a t ­
in g  p r o p e l l e r - ty p e  a e r a to r s ,  o r  a d if fu s e d  a i r  system  f o r  su p p ly in g  oxygen to  
th e  w astew a te r (31 , 32, 33, 3 4 ) . The lag o o n s  u s u a l ly  a r e  8 to  15 f e e t  d eep , 
and have a d e te n t io n  tim e o f two to  te n  d ay s . BOD re d u c t io n s  ra n g e  from  40 
to  60 p e r c e n t ,  w ith  l i t t l e  o r  no r e d u c t io n  in  suspended  s o l id s  (30 , 31 , 3 4 ).
A dvantages o f t h i s  system  a r e  ease  o f  o p e ra t io n ,  and low c a p i t a l  c o s t .  
D isad v an tag es  in c lu d e  th e  power re q u ire m e n ts  and th e  f a c t  t h a t  th e  a e r a te d  
lagoon , i t s e l f ,  u s u a l ly  does n o t red u ce  BOD and suspended  s o l id s  a d e q u a te ly  
to  be used  a s  th e  f i n a l  s ta g e  in  a  h ig h  perfo rm ance seco n d ary  system  (32 , 3 3 ) .
A c tiv a te d  S ludge and Extended A era tio n
In  1916 a s tu d y  by th e  Chicago S a n ita ry  D i s t r i c t  w ith  i t s  th e n  la rg e  
complex o f p ack in g  p la n ts  recommended th e  a c t iv a te d  s lu d g e  p ro c e s s  f o r  j o i n t  
tre a tm e n t w ith  m u n ic ip a l sewage (3 5 ). T h is  p ro c e s s  can re d u c e  BOD  ^ and Sus­
pended s o l id s  up to  95 p e rc e n t  (3 6 ) . However, i t  c an n o t r e a d i ly  h a n d le  shock 
loads  and w id e ly  v a ry in g  flo w s common to  meat p ro c e s s in g  w a s te w a te rs  w ith o u t 
flow  e q u a l iz a t io n .
V ario u s  m o d if ic a t io n s  o f th e  a c t iv a te d  s lu d g e  p ro c e s s  have been  d ev e lo p ed , 
such as  th e  ta p e re d  a e r a t io n ,  s te p  a e r a t io n ,  c o n ta c t  s t a b i l i z a t i o n ,  and ex­
tended a e r a t i o n .  Of th e s e ,  ex tended  a e r a t io n  p ro c e s s e s  a r e  m ost f r e q u e n t ly  
being  u sed  f o r  tre a tm e n t o f m eat p ro c e s s in g  and m eat p ack in g  w a s te s  (16 , 37 , 
3 8 ).
T rea tm en t c a p a b i l i t i e s  o f an  ex tended  a e r a t io n  system  w ere in v e s t ig a te d  
by W ells , e t  a l .  (3 8 ) .  The s tu d y  showed th a t  a tr e a tm e n t system  c o n s is t in g  
o f a n a e ro b ic  lag o o n s  fo llo w ed  by an ex tended  a e r a t io n  system  i s  c a p a b le  o f
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acc o m p lish in g  BOD re d u c t io n s  in  th e  ran g e  o f 95 to  98 p e r c e n t ,  w ith  an  a v e r ­
ag e  o f  97 p e r c e n t .  The c o rre sp o n d in g  suspended  s o l id s  r e d u c t io n s  ra n g e  from 
72 to  97 p e r c e n t ,  w ith  an  a v e ra g e  o f  89 .5  p e r c e n t .  The ex tended  a e r a t io n  
sy stem  i t s e l f  acco m p lish ed  BOD re d u c t io n s  o f  76 to  86 p e r c e n t ,  w ith  an  a v e r­
ag e  o f  82 p e r c e n t .  The c o rre sp o n d in g  suspended  s o l id s  rem oval ran g e  from  
35 to  81 p e r c e n t ,  w ith  an  a v e ra g e  o f  62 p e r c e n t .
The a d v a n ta g e s  of th e  ex ten d ed  a e r a t io n  p ro c e s s  a r e  t h a t  i t  i s  l e s s  
s u s c e p t ib le  to  shock lo a d in g  and flo w  f lu c t u a t i o n s  b eca u se  th e  incom ing 
raw  w aste  lo a d  i s  d i l u t e d  by th e  l i q u id  in  th e  system  to  a  much g r e a te r  
e x te n t  th an  i n  th e  c o n v e n tio n a l a c t iv a te d  s lu d g e .  A lso , b eca u se  o f th e  long 
d e te n t io n  t im e ,  h ig h  BOD re d u c t io n s  can be o b ta in e d  (3 8 ) . O ther ad v an tag es  
o f  th e  system  a r e  th e  e l im in a t io n  o f s lu d g e  d ig e s t io n  equipm ent and th e  capa­
b i l i t y  of p ro d u c in g  a n i t r i f i e d  e f f l u e n t  (24) . The d is a d v a n ta g e s  a r e  
th e  in c re a s e d  pow er and equipm ent c o s t  fo r  a e r a t i o n .  O th e r d isa d v a n ta g e s  
o f  t h i s  p ro c e s s  a r e  t h a t  l a r g e  volume ta n k s  o r  b a s in s  a r e  r e q u ire d  to  
accom odate t h e  lo n g  d e te n t io n  tim es  and o p e ra t in g  c o s ts  f o r  a e r a t io n  a r e  
h ig h  (24 ).
Trickling Filter
T r ic k l in g  f i l t e r s  f o r  th e  tre a tm e n t o f m eat p ro c e s s in g  w astes  m ust be 
p reced ed  by p r im a ry  t re a tm e n t to  p re v e n t c lo g g in g  th e  f i l t e r s  w ith  g re a s e  
and s o l id s .  The h ig h  r a t e  t r i c k l i n g  f i l t e r  i s  used  f o r  t r e a t i n g  m eat in d u s ­
t r y  w a s te w a te rs  a s  a ro u g h in g  f i l t e r ,  p re c e d in g  c o n v e n tio n a l secondary  
tre a tm e n t su c h  a s  a c t iv a te d  s lu d g e ,  o r  as a  com plete  seco n d a ry  tre a tm e n t in  
s e v e r a l  s ta g e s  (3 6 ) . H y d ra u lic  lo a d in g  fo r  h ig h  r a t e  t r i c k l i n g  f i l t e r s  i s  
g e n e ra l ly  i n  t h e  ran g e  o f  10 to  20 m gd/acre (3 9 ) .  BOD lo a d in g  r a t e s  a r e  
r e p o r te d  to  b e  a s  h ig h  a s  150 lb s  BOD/day/aOOO cu f t ,  y ie ld in g  rem oval e f f i ­
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c ie n c ie s  o f 40 to  50 p e rc e n t (4 0 ) .
A dvantages o f  th e  ro u g h in g  t r i c k l i n g  f i l t e r  a re  th a t  i t  can sm ooth o u t 
h y d ra u l ic  and BOD lo a d in g s  and  p ro v id e  some i n i t i a l  r e d u c t io n  in  BOD  ^ (40 
to  50 p e rc e n t)  ( 3 6 ) .  A no ther advan tage  o f th e  ro ugh ing  f i l t e r  i s  i t s  r e l i ­
a b i l i t y  w ith  mininum c a re  and  a t t e n t i o n .  D isad v an tag es  o f  th e  t r i c k l i n g  
f i l t e r  system  in c lu d e  h ig h  c o s t  o f i n s t a l l a t i o n ,  th e  p o s s ib le  n e c e s s i t y  to  
cover th e  f i l t e r s  i n  w in te r  to  p rev en t f r e e z i n g ,  and e f f l u e n t  c o n c e n tr a t io n  
f l u c t u a t i o n  w ith  changes i n  incom ing w a s te  lo ad  (2 4 ).
Rotating Biological. Disks
The u se  o f  b io lo g ic a l  d i s k s  i s  a new approach  to  th e  tr e a tm e n t o f  m eat 
p ro c e s s in g  w a s te s .  The d i s k s  w ere f i r s t  developed  in  E urope in  1955 f o r  th e  
t r e a tm e n t o f  d o m e stic  w aste  (9 ) .
A lthough  th e  r o t a t i n g  b io l o g ic a l  d is k s  system  i s  a  p ro v en  b io l o g ic a l  
w as tew a te r  t r e a tm e n t p ro c e s s  i n  Europe, i t s  c a p a b i l i t i e s  h av e  n o t b een  
w id e ly  a c c e p te d  i n  A m erica. Developm ent work on th e  r o t a t i n g  b io l o g ic a l  
d is k s  i n  th e  U n ite d  S ta te s  b eg an  in  1965 (1 0 ) .  Use o f th e  d is k s  in  th e  
t r e a tm e n t o f m eat p ro c e s s in g  w a s te s  i s  r e c e n t ,  and to  d a t e ,  no o p e r a t io n a l  
d a ta  a r e  a v a i l a b l e  ex cep t on a  p i l o t - p l a n t  s c a le .
C h itte n d e n  and W ells (4 1 ) p re se n te d  th e  r e s u l t s  o f a  p i l o t - p l a n t  s tu d y  
o f r o t a t i n g  b io l o g ic a l  c o n t r a c to r s  f o r  s t a b i l i z i n g  th e  e f f l u e n t  from  an 
a n a e ro b ic  lag o o n  system  a t  t h e  Iowa B eef P ro c e s s o rs  p la n t  i n  D akota C ity ,  
N ebraska. T h is  p i l o t - p l a n t  had  th re e  s ta g e s  o f r o t a t i n g  d is k s  (4 f t .  in  
d ia m e te r , 0 .5  i n .  th ic k ,  s p a c e d  on 1 - in .  c e n te r s  w ith  50 d i s k s / s t a g e s ,
1,257 s q . f t .  o f  d is k  a r e a / s t a g e )  fo llo w e d  by a c i r c u l a r  f i n a l  c l a r i f i e r .
A t an e f f l u e n t  f lo w  r a t e  o f  5 ,0 0 0  gpd o r  4 .0  g p d /sq . f t .  o f  d is k  a r e a / s t a g e ,  
th e  d is s o lv e d  oxygen c o n c e n tr a t io n s  ra n g e d  from 0 .9  to  1 .5  mg/1 in  th e  f i r s t
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s ta g e ,  w hich  was m a in ta in e d  th ro u g h o u t th e  u n i t .  R e d u c tio n s  in  BOD w ere
79.5  p e rc e n t  f o r  th e  f i r s t  s ta g e  and 8 3 .2  p e rc e n t o v e r a l l .  Lower BOD re d u c ­
t io n s  w ere o b ta in e d  a t  h ig h e r  flow  r a t e s .
R o ta t in g  b io l o g ic a l  c o n t r a c to r s  c o u ld  b e  used  f o r  th e  e n t i r e  a e ro b ic  
secondary  sy stem . The number o f s ta g e s  r e q u ir e d  depend on th d  d e s i r e d  d eg ree  
o f  tre a tm e n t and th e  in f l u e n t  s t r e n g th .  T y p ic a l a p p l i c a t io n s  o f th e  r o t a t i n g  
b i l o g i c a l  c o n t r a c to r ,  how ever, may be f o r  p o l i s h in g  th e  e f f lu e n t  from a n a e ro b ic  
p ro c e ss  and from  ro u g h in g  t r i c k l i n g  f i l t e r s ,  and a s  p re tre a tm e n t b e fo re  d i s ­
ch arg in g  w a s te s  to  a  m u n ic ip a l system . A BOD r e d u c t io n  o f 98 p e rc e n t i s  r e ­
p o r te d ly  a c h ie v a b le  w ith  a  f o u r - s ta g e  r o t a t i n g  b io l o g ic a l  c o n t r a c to r  ( 2 6 ) .
Land A p p lic a t io n
L iq u id  w a s te s  w ith  a w ide spectrum  o f  p h y s ic a l  and chem ica l c h a ra c ­
t e r i s t i c s  have b een  t r e a t e d  s u c c e s s f u l ly  by s o i l  a p p l i c a t io n ,  in c lu d in g  
m u n ic ip a l sew age, can n ery  w a s te s ,  pu lp  and p aper m i l l  w a s te , d a i ry  w a s te s ,  
v e g e ta b le  and food p ro c e s s in g  w a s te s , d i s t i l l e r y  w a s te s ,  p o u l t r y  w a s te s ,  
and many o th e r s  (4 2 , 4 3 ).
Food p ro c e s s in g  w as tew a te rs  have b een  a p p lie d  to  th e  lan d  th ro u g h  en ­
g in e e red  system s f o r  more th a n  25 y e a r s .  M ajor i n t e r e s t  began in  th e  l a t e  
1940*s w ith  th e  p rim ary  o b je c t iv e  b e in g  w a s te  d i s p o s a l .  In  1934, co rn  and 
pea  cann ing  w a s te w a te r  was a p p lie d  to  th e  la n d  u s in g  th e  r id g e  and fu rro w  
method a t  Hampton, Iowa (4 4 ) .  B o lton  (44) r e p o r te d  t h a t  in  a 1942 s tu d y ,  
th e  t r e a tm e n t c a p a b i l i t y  o f  t h i s  s o i l  sy stem  was in v e s t ig a te d  f o r  th e  f i r s t  
tim e and was on th e  o rd e r  o f  50 to  80 p e r c e n t  rem oval o f  BOD a t  a  BOD lo a d in g  
o f  650 I b /a c r e /d a y .
Land a p p l i c a t io n  system s fo r  t r e a tm e n t and d i s p o s a l  o f food p ro c e s s in g  
w astes  a r e  n o rm a lly  c a te g o r iz e d  in to  t h r e e  ty p e s  o f  sy s te m s . These c a te g o r ie s
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a r e  based on d if f e r e n c e s  i n  l i q u id  lo a d in g  r a t e s  and th e  r e s u l t i n g  lan d  a r e a  
r e q u ire m e n ts ,  a s  w e ll  a s  d i f f e r e n c e s  in  th e  i n t e r a c t io n  o f th e  w astew ate r w ith  
v e g e ta t io n  and s o i l .  The th r e e  tre a tm e n t p ro c e s s e s  a r e  i n f i l t r a t i o n ,  i r r i ­
g a t io n ,  and o v e rla n d  f lo w . S e le c t io n  o f a  p ro c e s s  i s  p r im a r i ly  governed by 
th e  d r a i n a b i l i t y  o f th e  s o i l  a t  th e  a v a i la b le  s i t e ,  w hich l a r g e ly  d e te rm in e s  
th e  h y d ra u l ic  lo a d in g  and th e  r e q u ir e d  la n d .
Spray ru n o f f  i r r i g a t i o n  i s  an  a l t e r n a t i v e  te c h n iq u e  w hich has been  t e s t e d  
on th e  w a s te  from  a sm a ll m eat p ack e r and on a cannery  w as te  (45 , 4 6 ) .  W ith 
t h i s  te c h n iq u e , about 50 p e rc e n t  o f  th e  w a s te w a te r  a p p l ie d  to  th e  s o i l  i s  a l ­
lowed to  ru n  o f f  as a d is c h a rg e .  The ru n o f f  o r d is c h a rg e  from t h i s  ty p e  o f  
i r r i g a t i o n  sy stem  i s  o f h ig h e r  q u a l i ty  th a n  th e  w as tew a te r as  a p p l ie d ,  w ith  
BOD rem oval o f  about 80-90 p e rc e n t ;  t o t a l  o rg a n ic  ca rb o n  and ammonia n i t r o ­
gen  a re  red u ce d  by abou t 85-90 p e rc e n t ,  and suspended s o l id  by ap p ro x im a te ly  
85-90 p e rc e n t  (16 , 4 7 ) .
P o t e n t i a l l y ,  th e  g r e a t e s t  co n ce rn  i n  th e  u se  o f i r r i g a t i o n  as a  d is p o s a l  
system  i s  th e  t o t a l  d is s o lv e d  s o l id s  c o n te n t ,  p a r t i c u l a r l y  th e  s a l t  c o n te n t 
o f  th e  w a s te w a te r . A maximum s a l t  c o n te n t of 0 .15  p e rc e n t  i s  su g g es ted  by 
E c k e n fe ld e r  (4 8 ) .  Some p la n ts  o r some lo c a t io n s  may r e q u i r e  tr e a tm e n t i n  an  
io n  exchange system  u p stream  from  th e  i r r i g a t i o n  system  to  red u ce  th e  d i s ­
so lv ed  s o l i d s  and th e  s a l t  c o n te n t to  a c c e p ta b le  l e v e l s  f o r  c o n tin u in g  ap­
p l i c a t i o n  o f  th e  w as tew a te r on la n d  (2 4 ) .
T e r t i a r y  and Advanced T reatm ent
Ammonia Removal P ro cess
Ammonia rem oval i s  becom ing more im p o rta n t b eca u se  s tream  s ta n d a rd s  a re  
b e in g  s e t  a t  l e v e l s  as  low as  1 to  2 mg/1 (4 9 ) . Ammonia s t r ip p in g  and n i t r i -
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f i c a t i o n - d e n i t r i f l c a t i o n  p ro c e s se s  show p o t e n t i a l  o f  rem oving ammonia to  
m eet th e  s tre a m  s ta n d a rd s .
Ammonia s t r i p p i n g  i s  a m o d if ic a t io n  o f  th e  s im p le  a e r a t i o n  p ro c e ss  f o r  
rem oving g ases  i n  w a te r . F o llow ing  pH a d ju s tm e n t, th e  w a s te w a te r  i s  fe d  to  
a  packed tow er and a llow ed  to  flow  down th ro u g h  th e  tow er w ith  a  co u n te r-  
c u r r e n t  a i r  s tre a m  in tro d u c e d  a t  th e  bo ttom  o f th e  to w er. A m raonia-nitrogen 
rem ovals o f up to  98 p e rc e n t  and c o n c e n tra t io n s  o f  l e s s  th a n  1 mg/1 h av e  been 
ach iev ed  in  e x p e rim e n ta l ammonia s t r ip p in g  tow ers f o r  t r e a t i n g  m u n ic ip a l w as te s , 
The tw o -s te p  p ro c e ss  o f n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  i s  a sy stem  to  
remove th e  ammonia n it r o g e n  in  t r e a te d  m eat p ack in g  w a s te w a te rs ,  and i t  i s  o f 
p rim ary  im p o rtan ce  f o r  rem oval o f th e  ammonia g e n e ra te d  i n  a n a e ro b ic  seco n d ary  
tre a tm e n t sy s te m s .
The n i t r i f i c a t i o n - d é n i t r i f i c a t i o n  p ro c e s s  h as  been c a r r i e d  o u t s u c c e s s ­
f u l l y  in  b o th  bench and p i l o t - s c a l e  sy stem s a t  th e  C in c in n a t i  W ater R esearch  
L ab o ra to ry  o f th e  EPA, and a  f u l l  s c a le  system  h as  been  b u i l t  a t  M anassas, 
V irg in ia  (51 , 5 2 ) . A lthough d i r e c t  a p p l ic a t io n s  o f  t h i s  p ro c e s s  has been  
l im i te d ,  o b s e rv a tio n s  o f  tre a tm e n t lag o o n s f o r  m eat p ack in g  p la n ts  g iv e  some 
in d ic a t io n  t h a t  th e  n i t r i f i c a t i o n - d é n i t r i f i c a t i o n  r e a c t io n s  a re  o c c u rr in g  in  
p r e s e n t  sy stem s. A lso , H alvorson  (24) r e p o r te d  t h a t  P a sv e e r  i s  a c h ie v in g  
su c c e ss  in  d e n i t r i f i c a t i o n  by c a r e f u l ly  c o n t r o l l i n g  th e  r e a c t io n  r a t e  in  an 
o x id a tio n  d i t c h ,  so th a t  d is s o lv e d  oxygen le v e l s  d rop  to  z e ro  j u s t  b e fo re  th e  
w a te r  i s  r e a e r a te d  by th e  n e x t r e t o r .
Recovery o f  P ro te in s  
A new ap p ro ach  to  th e  tre a tm e n t o f  many o rg a n ic  w a s te s  has been p ro v id ed  
by th e  developm ent o f  ch em ica l p ro c e s s e s  c a p a b le  o f  s e l e c t i v e l y  p r e c i p i t a t i n g  
c e r t a in  o rg a n ic  compounds. These p ro c e s s e s  now r e p r e s e n t  an  a l t e r n a t i v e  to  
p h y s ic a l  and b io l o g ic a l  p ro c e s s e s .
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V arious ch em ica ls  have b een  used to  p r e c i p i t a t e  p r o t e i n  from th e  food  
p ro c e s s in g  w a s te w a te rs .  These p r é c i p i t a n t s  c o n ta in  one o f  th e  fo llo w in g  
g ro u p s : l ig n o s u l f o n ic  a c id ,  s u g a r  s u l f a t e  e s t e r s ,  s u l f o n a te s  o r s u l f a t e s  o f  
f a t  o r  f a t t y  a l c o h o ls ,  in o rg a n ic  c o a g u la n ts ,  and o rg a n ic  p o ly e le c t r o ly te s .
The p h y s ic a l - c h e m ic a l  com bining o f  l ig n o s u l f o n ic  a c id  and p ro te in  i n  an 
aqueous sy s te m  has been  known f o r  over 30 y e a r s  (53 , 5 4 ) . W a l le r s te in  (53) 
i n  1944 d e s c r ib e d  th e  re c o v e ry  o f  p r o te in  from  d i l u t e  s o lu t io n s  u s in g  s p e n t  
s u l f i t e  l i q u o r  a t  a  pH o f  2 t o  4 . The p r e c i p i t a t i o n  a g e n t in  th e  s u l f i t e  
l i q u o r  was i d e n t i f i e d  as  l ig n o s u l f o n ic  a c id  and a r a t i o  o f  2 p a r ts  l i g n i n  to  
5 p a r t s  p r o t e i n  was observed  to  o p tim a l.
P e a r l  (5 6 ) d is c u s s e d  th e  u se s  o f l i g n i n  in  a su rv e y  p ap er in  1957 and 
m entioned  th e  r e a c t io n  o f  l ig n o s u l f o n ic  a c i d  w ith  a p r o t e i n  to  form in s o lu b le  
com plexes. He in d ic a te d  t h i s  r e a c t io n  can  b e  used to  rem ove p ro te in s  from  
e f f lu e n t s  o f  c a n n e r ie s  o r  f i s h  p ro c e s s in g  p l a n t s .
In  1968 a  U .S. P a te n t  (57) was is s u e d  to  L ie f  J a n tz e n  o f  O slo, Norway, 
and  a s s ig n e d  to  A rth u r C. T ra sk  and S ons, C hicago , t h a t  d e sc r ib e d  a m ethod o f 
p u r ify in g  an  aqueous p ro te in - c o n ta in in g  l i q u i d  by a d d in g  l ig n o s u l fo n ic  a c id s  
to  e f f e c t  p r e c i p i t a t i o n  o f  combined p r o t e i n - l i g n o s u l f o n i c  a c id  com plex.
S e v e ra l in v e s t ig a t io n s  r e p o r te d  t h a t  l i g n o s u l f o n ic  a c id  had been u sed  
f o r  t r e a t i n g  v a r io u s  food  p ro c e s s in g  w a s te w a te rs  in  b o th  p i l o t  p la n t  and 
d e m o n s tra tio n  s tu d ie s  (4 , 58, 59 , 60, 61 , 6 2 , 63, 6 4 ) . BOD, TSS, o i l  and  
g r e a s e ,  and n i t r o g e n  c o n te n ts  w ere low ered  m arkedly and p r o te in s  and f a t s  
w ere re c o v e re d  by add in g  l ig n o s u l fo n a ic  a c i d  to  th e  w a s te s  a t  a pH o f 3 o r  
below . The p r e c i p i t a t e d  p r o te in  was rem oved by d is s o lv e d  a i r  f l o t a t i o n  (5 8 , 
62 , 63, 6 4 ) . The r e s u l t i n g  s lu d g e  had a  p r o t e i n  c o n te n t  o f  up to  52 p e r c e n t ,  
and had p r o t e n t i a l  u se  a s  an  an im al fe e d  component (5 8 , 62, 63, 6 4 ). R e s u l t s  
o f  th e  s tu d i e s  a re  summarized in  Table 6 .
Table 6. Summarization of the Removal Efficiency of Lignosulfonic Acid Process,
I n v e s t ig a to r s W aste BOD COD Org-N 
Removal E f f ic ie n c y  (%)
TSS O&G
T onseth  & B e rr id g e (58) s la u g h te rh o u se 60-88 73-86 73-95 76-90 ---
Jo rg en sen (4) s la u g h te rh o u se 58 56 52 --- ---
F e l i c e t t a  & Peacock (59) f i s h — --- 94 --- ---
Rosen (60) p o u l t ry 80 --- --- --- ---
F o ltz  e t  a l . (63) s la u g h te rh o u se 84 -- - 87 96 95
Hopewood & Rosen (62) s la u g h te rh o u se 88 75 95 82 ---
to
23
S e v e ra l i n v e s t i g a t o r s  have ex p lo re d  and u t i l i z e d  s u l f a t e d  o rg a n ic s  fo r  
reco v e ry  o f p r o te in  from  th e  m eat p ro c e s s in g  w a s te s .  A German P a te n t  by Thorn 
and Simonsen (65) c la im ed  t h a t  su b s ta n c e s  o f  h ig h  m o le c u la r  w eigh t h av in g  
b a s ic  g ro u p s, such  as p r o t e i n s ,  p o ly p e p tid e s ,  n u c le ic  a c i d s ,  o r  am inopo ly - 
s a c c h a r id e s ,  a r e  p r e c i p i t a t e d  from s o lu t io n s  o f  w as tew a te r  by a d d i t io n  o f  a 
1-20 p e rc e n t s o lu t io n  o f  mono- o r  p o ly s a c c h a r id e  w hich i s  p a r t i a l l y  o r  
co m p le te ly  e s t e r i f i e d  w ith  s u l f u r i c  a c id .
S e v e ra l p a te n ts  b ased  on Norwegian in v e s t i g a t io n s  d e s c r ib e  a p ro c e s s  
f o r  t r e a t i n g  m eat pack in g  w astes  based  on e i t h e r  th e  u se  o f  s a l t s  and 
m in e ra l a c id s  to  reduce th e  pH to  2 and p r e c i p i t a t e  th e  complex o r  th e  u se  
o f  s u l f u r i c  a c id  e s t e r s  o f  su g a rs  such a s  s u c ro s e  o r  l a c to s e  a s  p r é c i p i t a n t s  
(66 , 67, 6 8 ). In  th e  l a t t e r  c a s e ,  e s t e r s  h a v in g  a m o le c u la r  w eigh t e q u a l 
to  o r g r e a te r  th a n  200 gave  BOD re d u c t io n s  a s  h ig h  as  80 p e rc e n t ,  depend ing  
on dosage. The p r e c i p i t a t e d  m a te r ia l  cou ld  b e  used  a s  c a t t l e  fe e d .
Jo rg en sen  (4) exam ined d i f f e r e n t  c h e m ic a ls  fo r  p r e c i p i t a t i o n  o f  p r o te in  
in  w a s tew a te r. The r e s u l t s  o f h i s  t e s t s  a r e  ta b u la te d  in  T ab le  7.
T able 7. E f f e c t  o f C hem ical P r é c ip i t a n t s .
P r é c ip i ta n t s BOD(mg/1)
P r o te in
(mg/1)
% Removal
BOD  ^ P r o te in
None 1,660 728 —  —  —
G lucose t r i s u l f a t e 750 556 55 24
L ig n in  s u lf o n ic  ac id 700 430 58 41
Aluminum s u l f a t e 770 572 54 21
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I t  m ust b e  em phasized h e r e  t h a t  th e s e  rem oval e f f i c i e n c i e s  r e p r e s e n t  an 
in c re a s e  o v e r t h a t  o f p la in  s e d im e n ta t io n  and n o t th e  t o t a l  rem oval e f f i c i e n ­
c i e s ;  t h e r e f o r e ,  th e y  canno t b e  compared to  th e  r e s u l t s  r e p o r te d  by T onse th  
and B e rr id g e  a s  shown in  T a b le  6.
Jo rg en so n  a ls o  d e te rm in ed  th e  f e a s i b i l i t y  o f u s in g  th e  p r e c i p i t a t e d  
m a te r ia l s  f o r  an im al fe e d . He s ta t e d  th a t  p r o te in  p r e c i p i t a t e d  w ith  l i g n i n  
s u l f o n ic  a c id  h as  a  v e ry  low b io lo g ic a l  v a lu e .  N u t r i t io n  s tu d ie s  u s in g  r a t s  
showed t h a t  th e  r a t s  s u f f e r e d  from  m a ln u tr io n  and d ia r r h e a  when fed  th e  p re ­
c i p i t a t e d  m a te r i a l s .  He f u r t h e r  s ta t e d  t h a t  p r o te in  p r e c i p i t a t e d  w ith  g lu c o se  
t r i s u l f a t e  p lu s  a z o p ro te in  h a s  a norm al b io l o g ic a l  v a lu e .  Jo rg e n se n  an a ly zed  
th e  p r o te in  produced  from s la u g h te rh o u se  w as te w a te r  f o r  i t s  amino a c id  c o n te n t 
and found i t  compared fa v o ra b ly  w ith  b lood  album in  and bone m eal.
S tr e e b in  (69) developed  a  p ro c e ss  u s in g  a s p e c ia l ly  p re p a re d  s u l f a te d  
c a rb o h y d ra te .  The p ro c e ss  c o n s i s t s  o f a  p r o p o r t io n a l  flo w  chem ica l fe e d  
sy stem , a  m ixing b a s in  and a  m o d ified  d is s o lv e d  a i r  f l o t a t i o n  u n i t .  T h is  
system  h as  been  te s t e d  on w a s te s  from c h ic k e n , tu rk e y ,  b e e f ,  p o rk , and shrim p 
p ro c e s s in g  p l a n t s .  R e s u lts  showed th a t  t h i s  p ro c e ss  i s  b o th  t e c h n ic a l ly  and 
e co n o m ica lly  f e a s ib l e  fo r  t r e a tm e n t  o f  b e e f  p ro c e s s in g  o r  a  com bination  o f 
b e e f  and p o rk  p ro c e s s in g  w a s te s .  The v a lu e  o f  th e  p ro d u c t reco v e re d  p lu s  th e  
s a v in g s  in  th e  w aste  tr e a tm e n t  i s  from 2 to  8 tim es  th e  c o s t  o f  th e  ch em ica ls  
u sed  in  w as te  t r e a tm e n t .  On th e  o th e r  han d , th e  c o s t  o f  w a s te  tre a tm e n t may 
b e  as  much as  tw ic e  th e  v a lu e  o f  th e  p ro d u c t re c o v e re d  f o r  p o rk  and p o u l t ry  
p ro c e s s in g .
T h is  p ro c e s s  red u ces  s u b s t a n t i a l l y  th e  oxygen demand, suspended s o l i d s ,  
and th e  o i l  and g re a s e  c o n c e n tr a t io n  o f  th e  w a s te w a te r . F u r th e r ,  th e  p ro c e s s  
e co n o m ica lly  re c o v e rs  a w a s te  m a te r ia l  w hich can be  co n v e rted  to  a  s a la b l e  
b y -p ro d u c t .  T ab le  8 shows th e  r e s u l t s  o f  a n a ly s e s  and p re tre a tm e n t s tu d ie s
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from  one o f  th e  p la n t  s tu d ie s  f o r  a  co m b in a tio n  s la u g h te rh o u s e  and p ack in g  
hou se  o p e ra t io n  th a t  has  a d a i ly  k i l l  o f  1200-1300 c a t t l e .



















S o lid s 14 ,378 6 ,115 57 470 92 97
COD 22,215 10 ,967 51 2,160 80 90
BOD 9,550 7 ,100 26 1 ,800 75 81
Org-N 217 281 99 65 65
V is c a r in  402 c a rra g e e n a n  was used as  a  co ag u lan t f o r  p o rk  w a s te ,  w hich 
red u ced  COD and BOD from  2 ,700  and 890 mg/1 to  140 and 61 m g/1, r e s p e c t iv e ly  
(7 0 ) .
V is c a r in  402 c a rra g e e n a n  i s  a r e f in e d  w a te r  s o lu b le  c a rra g e e n a n  e x t r a c ­
te d  from c e r t a i n  red  m arine  p la n t s  (o rd e r  C ig a r t in a le s )  and red u ce d  to  a  
f re e - f lo w in g  powder by a lc o h o l p r e c i p i t a t i o n .  I t  i s  composed p r im a r i ly  o f  
s u l f a t e d  d - g a la c to s e  r e s id u e s ,  l in k e d  to g e th e r  to  form  lo n g  c h a in  po lym ers 
h av in g  m o le c u la r  w e ig h ts  o f  s e v e r a l  hundred  tho u san d . I t  has  th e  un iq u e  
p ro p e r ty  o f  com plexing and r e a c t in g  w ith  p r o t e i n s .  T h is  p ro p e r ty  made pos­
s i b l e  i t s  e f f e c t i v e  u se  a t  v e ry  low c o n c e n tr a t io n s  (7 1 ) .
In  1954, Kountz (72) r e p o r te d  i n  th e  p i l o t  p la n t  s tu d y  t h a t  s la u g h te r ­
house  w aste  p r o te in s  can  b e  p h y s ic a l ly  ab so rb ed  on a  b e n to n i te  f l o e  w ith  th e  
pH a d ju s te d  to  4 .2  by th e  u se  o f  sodium a c id  s u l f a t e ,  r e s u l t i n g  in  BOD re d u c ­
t i o n  o f  95 p e r c e n t .
Johnson and P e n is to n  (73) d e s c r ib e d  a  p ro c e ss  f o r  r e c o v e r in g  p r o t e i n -  
aceous m a te r i a l s  from sh rim p , c r a b ,  and salm on p ro c e s s in g  w a s te s  a t  K odiak ,
26
A la sk a . A d i l u t e  sodium  h y d ro x id e  s o lu t io n  i s  used to  e x t r a c t  th e  p r o te in  
i n  th e  s h e l l f i s h  w a s te . The e x t r a c t io n  i s  conducted  a s  a  c o u n te r - c u r r e n t  
o p e ra t io n  to  o b ta in  h ig h  p r o te in  c o n c e n tr a t io n s  in  th e  e x t r a c t .  The p r o te in  
i s  re c o v e re d  from  th e  e x t r a c t s  by a d ju s t in g  th e  pH to  th e  i s o e l e c t r i c  p o in t ,  
pH 4 .0  w ith  HCl. The p r e c ip ia t e d  m a te r ia l s  w ere th e n  se p a ra te d  from  th e  
w a s te  by f i l t r a t i o n  o r  c e n t r i f u g a t io n .
G rant and Robins (74) d is c u s s e d  a m ethod o f r e c o v e r in g  f a t s  and p r o te in s  
from  w a s te w a te r  by a c i d i f i n g  w ith  HgSO^ to  l e s s  th an  pH 4 and g a s i f i n g  w ith  
a i r  a t  a p r e s s u r e  o f 3 to  5 atm osphere to  f l o a t  th e  p r o t e i n s .  R e a d ju s tin g  
th e  pH by a d d in g  CaCO^ to  a  h ig h e r  v a lu e  c au ses  p r e c i p i t a t i o n  o f  th e  p r o te in  
w hich  i s  c o l le c t e d  by sedm m entation , and f i l t r a t i o n .
S tu d ie s  w ere made by Kojim a  e t  a l .  (75) on th e  re c o v e ry  o f p r o te in  l o s t  
by  le a c h in g  i n  th e  m an u fa c tu re  o f Kamaboko f i s h  p a s te .  I t  i s  r e p o r te d  t h a t  
a  h ig h  y i e l d  o f  th e  p r o te in s  from th e  w as tew a te r was o b ta in e d  by p r e c i p i t a ­
t i n g  them e i t h e r  a t  pH 2 o r  12 and r e a d ju s t in g  i t  w i th  an a c id  o r  a l k a l i  
to  a p p r o p r ia te  pH 's f o r  t h e i r  p r e c i p i t a t i o n .  The optimum pH f o r  maximum 
y ie ld  d i f f e r e d  w ith  th e  raw  f i s h  m a te r ia ls  u sed .
A cco rd ing  to  Young and L aw rice (7 6 ) ,  n a t iv e  p r o te in s  may b e  e x t r a c te d  
from  o f f a l ,  in c lu d in g  b o v in e  and sheep  stom ach and lu n g s ,  over a  w ide pH 
ra n g e  a t  room  te m p e ra tu re  by u s in g  low s a l t  c o n c e n tra t io n s  ( 0 .0 IM N aC l). 
A p prox im ate ly  70 p e rc e n t  o f  th e  p r o t e i n  o f  rumen c o u ld  b e  e x t r a c te d  a t  pH 
3 .5  o r 10 , and  p r o te in  cu rd  could  th e n  be o b ta in e d  by a d ju s t in g  th e  e x t r a c t s  
t o  pH 4 .7 .
P ro c e s s e s  have b een  developed  i n  New Zealand f o r  reco v e ry  o f  f a t s  and 
p r o te in s  fro m  s la u g h te rh o u se  w astes  w hich in v o lv e  a c i d i f i c a t i o n  to  pH 3 to  
4 ,  fo llo w ed  by d is s o lv e d  a i r  f l o t a t i o n  a t  p re s s u re s  o f  th re e  to  f i v e  atm
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(7 7 , 78 ). The f l o a t  and sed im en t c o n ta in e d  p ro te in  i n  am ounts o f  12 and 60 
p e r c e n t ;  f a t ,  50 and 10 p e rc e n t ;  o th e r  o rg a n ic  compounds, 35 and 18 p e rc e n t;  
and a sh , 3 and 12 p e r c e n t ,  r e s p e c t iv e l y .
A ccord ing  to  S w in g le r (7 9 ) , m eat w a s te s ,  p a r t i c u l a r l y  o f f a l ,  w ere  used 
to  p re p a re  a  spun p r o te in  f i b e r .  The p r o te in s  were e x t r a c te d  by a l k a l in e  
t r e a tm e n t and p r e c i p i t a t e d  a t  pH 4 .5 .  T h is  p ro te in  i s o l a t e  was t r e a t e d  w ith  
c o n c e n tra te d  sodium h y d ro x id e  and e x tru d e d  in to  a c o a g u la tin g  b a th  c o n ta in in g  
a c id  and s a l t  to  form  p r o te in  f i b e r s .
C o u r t ia l  (80) r e p o r te d  a p ro c e s s  f o r  th e  s e p a ra t io n  and re c o v e ry  o f  f a t s  
and p r o te in s  from  m eat p ro c e s s in g  e f f l u e n t s .  The w aste  was f i l t e r e d ,  and 
f a t s  and p r o te in s  w ere s e p a ra te d  by a d d i t io n  o f in o rg a n ic  f l o c c u la n t s .  A 90 
p e r c e n t  r e d u c t io n  in  BOD was o b ta in e d  by t h i s  p ro c e s s .
In  1961, Ryosaku (81) r e p o r te d  t h a t  rem oval o f p r o te in - c o lo r e d  m a tte r  from 
th e  s la u g h te rh o u se  w a s te  was s u c c e s s f u l ly  accom plished  by th e  a p p l ic a t io n  o f  
75 ppm o f CuSO^ o r CuCl^. E ig h ty  se v e n  p e rc e n t BOD a s  w e ll  a s  88 p e rc e n t  t o t a l
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n i t r o g e n  was removed w ith o u t show ing th e  p re sen ce  o f Cu in  th e  e f f l u e n t .
Study a t  A k tie b o la g  P erac  in  B elgium  (82) showed th a t  p r o te i n  c o n s t i tu e n t s  
a r e  removed from  p ro c e s s in g  s tream s o f  th e  food in d u s tr y  a d d i t io n s  o f  a c a t io n ­
i c  su b s ta n c e  and a n e u t r a l  s a l t .  P r e c i p i t a t i o n  o f p a r t  o f th e  p r o t e i n  occurs 
a t  pH 6-7 w ith  a s t r o n g ly  c a t io n ic  s u b s ta n c e  ( e . g . ,  a  mixed form o f  an  o rg an ic  
am ide and ECHO), and by p r e c i p i t a t i o n  w ith  a n e u t r a l  s a l t  ( e . g . ,  N aC l), a f t e r  
a d ju s t in g  th e  pH o f th e  rem a in in g  s o lu t i o n  to  7-8 w ith  a  b a s ic  s u b s ta n c e .  A f te r  
each  p r e c i p i t a t i o n  s t e p ,  a i r  i s  in t ro d u c e d  from th e  b o tto m  o f th e  v e s s e l  so t h a t  
th e  a i r  b u b b le s  c a r ry  th e  p r é c i p i t a n t s  to  th e  s u r fa c e  from  w hich th e y  a re  skimmed.
P u r ify in g  p r o te in - c o n ta in in g  w a te r  by f lo c c u la t io n  was i n v e s t ig a t e d  by 
F o n ta in e  e t  (83) . F a t and p r o te in - c o n ta in in g  w a s te w a te rs  from  a  d eg reas­
in g  p la n t  w ere t r e a te d  a t  pH 5 .5 - 7 .0 ,  a t  a te m p era tu re  above 60°C w ith
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an aqeous s o lu t io n  c o n ta in in g  e i t h e r  C aC lg, MgClg, A l(SO^)^ o r  F e C l^ . A f te r  
p r e c i p i t a t i o n  and f l o c c u l a t i o n  th e  p r o t e i n  was s e p a r a te d  by c e n t r i f u g a t i o n  
and d r ie d .
A C zech o slo v ak ian  p a t e n t  (84) o u t l in e d  a t h r e e - s t e p  p ro c e s s  f o r  s e p a ra ­
t in g  f a t  and p r o te in  from  m eat and re n d e r in g  p l a n t  w a s te s .  A ir  w as d is p e r s e d  
in  th e  w aste  by m e ch an ic a l a g i t a t i o n  to  prom ote f l o a t a t i o n  o f  th e  f a t  which 
was skimmed o f f .  The s u p e rn a ta n t  was t r e a te d  w i th  HCl o r  H^SO^ to  b r e a k  f a t  
and p r o te in  e m u ls io n s , fo llo w e d  by a d d i t io n  o f l im e  and o l e i c  a c id  t o  o b ta in  
th e  r e s u l t i n g  p r o t e i n  w hich  was skimmed o f f .
Jap an ese  p a te n ts  d e s c r ib e  p ro c e s s e s  fo r  t r e a t i n g  s la u g h te rh o u s e  w astes  
and b lo o d -c o n ta in in g  w ash w a te rs  (85 , 8 6 ) . S la u g h te rh o u se  w a s te s  w e re  ad­
ju s te d  to  pH 2 .5  w ith  HgSO^ fo llow ed  by re a d ju s tm e n t to  pH 6 .5  w i th  NaOH.
T his tre a tm e n t p roduced  a  p r e c i p i t a t i o n  o f  62 .0  and  5 8 .2  p e rc e n t  o f  BOD and 
COD c o n t r ib u t in g  m a t e r i a l s ,  r e s p e c t iv e l y .  A d d it io n a l  p r o te in  p r e c i p i t a t i o n  
was o b ta in e d  by a d d in g  sodium  h y p o c h lo r i te  and a d j u s t i n g  th e  pH to  4 .5  g iv in g
97.6  and 91 .9  p e rc e n t  rem o v a ls  o f BOD and COD, r e s p e c t iv e l y .  B lood c o n ta in in g
w astew ate r was a d ju s te d  to  pH 7 , ad so rb ed  on a  c e l l u l o s i c  e x c h a n g e r , p re ­
t r e a te d  w ith  e th y le n e  d ia m in e  and fo rm aldehyde , and e lu te d  w ith  0 .1  N NaOH (86)
Johnson  and P e n is to n  (87) in v e s t ig a te d  a l k a l i  e x t r a c t i o n  and  i s o e l e c t r i c  
p r e c i p i t a t i o n  f o r  p r o t e i n  re c o v e ry  and s e p a r a t io n  o f  c h i t i n  from  f i s h  and 
s h e l l f i s h - p r o c e s s in g  o p e r a t io n s  a t  K o d iak , A la sk a . The u se  o f so d iu m  h ex a- 
m etaphosphate , to  com plex and  p r e c i p i t a t e  a p r o t e i n  reduced  p r o t e i n  s o lu ­
b i l i t y  to  0 .07  p e rc e n t  from  a 2 .3  p e rc e n t  p r o te in  s o lu t io n  f o r  a  re c o v e ry  o f
96 .7  p e r c e n t .
In  s tu d ie s  on shrim p can n e ry  e f f l u e n t  in  L o u is ia n a ,  Thoma and  co -w o rk ers  
(88, 89) developed  a  sh rim p  w a s te  p r o t e i n  (SWP) re c o v e ry  p ro c e s s  in v o lv in g  
i s o e l e c t r i c  p r e c i p i t a t i o n  a t  pH 4 .4  t o  4 .7  w ith  c o n c e n tr a te d  HCl, fo llo w e d  by
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drum d ry in g  th e  p ro d u c t a t  124° to  127°C. The i n i t i a l  s e p a r a t io n  o f  th e  p ro ­
t e i n  was im proved by th e  a d d i t io n  o f  0.002M f e r r i c  io n  as FeCl^ o r  FegCSO^)^. 
N u t r i t io n a l  e v a lu a t io n  i n  r a t s  o f th e  SWP w hich c o n ta in e d  5 9 .98  p e rc e n t  p ro ­
t e i n  showed a p r o te in  e f f i c i e n c y  r a t i o  o f  2 .4 8  a s  compared w ith  3 .1 3  f o r  
c a s e in .
A ra k i e ^  a l .  (90) developed  a  p ro c e s s  fo r  rem oval o f p r o te in s  from  
ch ick en  p ro c e s s in g  w a s te s  i n  w hich th e  e f f l u e n t  i s  a d ju s te d  t o  pH 2 .5  to  3 .2 ,  
mixed w ith  0 .3  p e rc e n t A l(OH)g, a g i t a t e d  f o r  1 to  2 m in u te , and s e t t l e d  f o r  
30 m in u te s . BOD and g re a s e  c o n te n ts  o f th e  w as te  w ere  reduced  from  1,200  and 
17 mg/1 t o  100 and 9 m g/1 , r e s p e c t iv e l y .  TSS w ere reduced  from  an i n i t i a l  
v a lu e  o f  320 mg/1 to  a  n o n d e te c ta b le  l e v e l .
C la g g e t t  (91) p re s e n te d  d e t a i l s  o f  th e  d e s ig n  and o p e ra t io n  o f a chem­
i c a l  t r e a tm e n t  and a i r  f l o t a t i o n  sy stem  f o r  t r e a t i n g  f i s h  p ro c e s s in g  w a s te s  
a t  S te v e s to n ,  B .C ., C anada. He found th a t  l ig n o s u l f o n ic  a c id  tr e a tm e n t gave 
a  f lo e  t h a t  was f r a g i l e  and n o t e a s i l y  rem oved. He f u r th e r  r e p o r te d  t h a t  
a lu m -c a u s tic  (Al2(S0^)^-NaOH) tr e a tm e n t  a t  pH 9 .2  fo llow ed  by re a d ju s tm e n t 
o f th e  pH to  5 .2  r e s u l t e d  i n  a  cu rdy  f lo e  t h a t  f l o a t e d  r e a d i ly .  The COD, 
p r o te in ,  in s o lu b le  s o l i d s ,  and s o lu b le  s o l id s  rem o v a ls  o f 84 , 61 , 92, and 28 
p e rc e n t ,  r e s p e c t iv e l y ,  w ere o b ta in e d  by t h i s  p r o c e s s .
C la g g e t t  (91) r e p o r te d  t h a t  alum  s lu d g e  from  th e  f i s h  p ro c e s s in g  p la n t
w as tew a te r  fed  to  c h ic k e n  up to  5 p e rc e n t  o f  th e  su p p lem en ta ry  d i e t  showed 
no a d v e rse  e f f e c t .  When th e  sam ple was t e s t e d  a s  a  t o t a l  re p la c e m e n t, th e r e  
was a m arked re d u c t io n  in  b o th  grow th r a t e  and food  u t i l i z a t i o n .  The in c lu ­
s io n  o f  alum  in  th e  d i e t  a t  up to  th e  1 p e rc e n t l e v e l  had no s i g n i f i c a n t  
e f f e c t .
Bough (92) r e p o r te d  t h a t  c h i to s a n ,  d e r iv e d  from  c h i t i n  i n  shrim p and
c rab  w a s te s ,  co u ld  be  u sed  a s  a  c o a g u la n t i n  t r e a t i n g  w astes  from  m eat
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p ro c e s s in g  o p e r a t io n s .  For m eat p ack in g  w a s te s ,  optimum c o n d i t io n s  o f  pH 7 
to  8 , a  c h i to s a n  c o n c e n t r a t io n  o f  30 mg/1 and s e t t l i n g  tim e o f  1 .5  h o u r, r e ­
s u l te d  i n  COD and TSS rem ovals o f 55 and 89 p e r c e n t ,  r e s p e c t iv e l y .  At a 
c h i to s a n  c o n c e n tr a t io n  o f  5 m g/1 , COD and TSS rem o v a ls  from m eat p ro c e s s in g  
and c u r in g  w astes  w ere  79 and 92 p e rc e n t ,  r e s p e c t iv e l y .
Bough (92) in v e s t ig a t e d  c h i to s a n  in  co m b in a tio n  w ith  21 com m ercia lly  
a v a i l a b l e  polym ers f o r  t r e a t i n g  shrim p p ro c e s s in g  w a s te s . He found th a t  an 
a n io n ic  polym er (WT-3000) was th e  optimum c o a g u la n t  among a l l  o f  th e  p o ly ­
mers t e s t e d .  In  a  p i l o t  s c a le  s tu d y  u s in g  10 m g/1 c h i to s a n  and  5 mg/1 o f  
WT-3000 and a s e t t l i n g  tim e o f  1 h o u r, COD and TSS rem ovals w ere  76 and 94 
p e r c e n t ,  r e s p e c t iv e l y .  C o a g u la tio n  combined w ith  d is s o lv e d  a i r  f l o t a t i o n  
u s in g  100 mg/1 c h i to s a n  and 5 mg/1 o f WT-3000 re d u c e d  COD and  TSS by 92 
and 98 p e r c e n t ,  r e s p e c t iv e l y .
In  th e  p re l im in a ry  fe e d in g  t r i a l  w ith  r a t s .  Bough e t  a l . (92) r e p o r te d  
t h a t  th e  an im als fe d  a l l  b u t th e  h ig h e s t  l e v e l  (5  p e rc e n t)  o f  c h i to s a n  grew 
a s  w e ll  a s  th o se  fe d  th e  c o n t r o l  d i e t  w ith o u t c h i to s a n .  The an im a ls  w ere 
h e a l th y  and v ig o ro u s  and d is p la y e d  no o v e r t  sym ptons o f p h y s io lo g ic a l  d i s ­
t r e s s  due to  consum ption  o f  c h i to s a n .  However, s i g n i f i c a n t  w e ig h t red u c ­
t i o n  was observed  a t  th e  r a t s  fe d  w ith  h ig h e s t  l e v e l  (5 p e r c e n t )  o f c h i to s a n .
In  a n o th e r  s tu d y ,  A ra i ^  a l .  (93) found t h a t  th e  c h i to s a n  fed  to  m ice 
caused  no  harm fu l e f f e c t s  up to  18 grams p e r  k ilo g ra m  o f body w e ig h t p e r  day . 
Above t h i s  am ount, to x i c  e f f e c t s  w ere o b se rv ed .
The V is te c  p ro c e s s  u ses  c e l l u l o s i c  io n  e x ch a n g e rs  fo r  th e  re c o v e ry  o f  
p r o te in s  from s la u g h te rh o u s e  and g e l a t i n  m a n u fa c tu r in g  w a s te s  (9 4 ) . P ro te in  
a d s o r p t io n  r a t e ,  in o rg a n ic  s a l t s  c o n c e n tr a t io n ,  and  pH a r e  im p o r ta n t pa­
ra m e te r s .  P r o te in  c o n c e n tr a t io n s  o f  s la u g h te rh o u s e  w astes  w ere  reduced  from  
30 to  20 mg/1 by t h i s  p ro c e s s .
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A ccord ing  to  G ran t (9 5 ) , e f f lu e n t  from  m eat p ro c e s s in g  o p e ra t io n s  was 
t r e a t e d  e f f e c t iv e l y  by a d ju s t in g  th e  pH to  4 to  d e n a tu re  p r o te in s  fo llow ed  
by  lim e  tre a tm e n t and s e d im e n ta t io n . The c l a r i f i e d  e f f lu e n t  was then  p a sse d  
th ro u g h  an  io n  exchange r e s in  b ased  on c r o s s - l in k e d  r e g e n e ra te d  c e l lu lo s e .  A 
95 p e rc e n t  rem oval o f  p r o te in  was a c h ie v e d . The p ro d u c t was s u i t a b l e  f o r  u se  
i n  f e e d in g  ch ick en s  and sw ine.
A ccord ing  to  S topka (9 6 ) ,  p r o te in  from  f i s h  p ro c e s s in g  p la n t  w aste  a r e  
rem oved by t r e a t i n g  w ith  ozone and oxygen under p r e s s u r e .  The w aste  i s  m ixed 
w ith  th e s e  g a se s , and a  foam ing a c t io n  ta k e s  p la c e  i n  th e  c o l l e c t io n  cham ber. 
The p ro te in a c e o u s  im p u r i t i e s  a r e  c a r r ie d  in  th e  foam and th e n  a r e  s e p a ra te d  
from  th e  w as te  s tre a m .
T arkey  e ^  (97) conducted  la b o ra to ry  s c a le  s tu d ie s  on th e  re c o v e ry  o f  
w a s te s  from  E n g lish  s o le  f i l l e t i n g  o p e ra t io n s  by enzyme h y d ro ly s is  u s in g  
p e p s in .  A 50 p e rc e n t  f i s h  p ro c e s s in g  w as tew a te r was t r e a te d  w ith  0 .2  p e r c e n t  
p e p s in  and c e n t r i f u g e d  a t  12 ,000 rpm fo r  10 m in u te s . The s u p e rn a ta n t  was 
h e a te d  to  80°C to  i n a c t i v a t e  th e  enzyme n e u t r a l i z e d  w ith  30 p e rc e n t NaOH, 
f i l t e r e d ,  c o n c e n tra te d  to  30 p e rc e n t  s o l i d s ,  and sp ra y  d r ie d  to  y ie ld  a f i s h  
p r o t e i n  c o n c e n tr a te  c o n ta in in g  80 p e rc e n t p r o te in  and 22 p e rc e n t  ash .
A ren tz  and T o n se th  (98) t r e a t e d  e f f lu e n t  from  a  s la u g h te rh o u se  by a d j u s t ­
in g  th e  pH to  3 .5  w ith  HgSO^ and adding  40 gpm o f  l a u r y l  s u l f a t e .  P r o te in  
was re d u c e d  from 2 ,0 0 0  to  5 ppm and BOD from  1 ,850  to  120 ppm.
A k tie s e ls k s p e t  A pothekernes L abo ra to rium  (99) in v e n te d  a  p ro c e ss  by 
w hich  p r o te in  c o n ta in e d  in  w as tew a te r  can  b e  p r e c i p i t a t e d  a t  a  pH 3 .5  u s in g  
s u l f o n a t e s  o r s u l f a t e s  o f f a t s ,  f a t t y  o i l s ,  f a t t y  a c i d s ,  o r f a t t y  a lc o h o ls .
The p r e f e r r e d  p r e c i p i t a t i n g  a g e n t i s  ^g_2o a lc o h o ls .  P r e c i p i t a t i o n
depends on th e  m o le c u la r  w e ig h t and chem ica l c h a r a c t e r i s t i c s  o f  th e  p r o t e i n .
CtlAPTER III
EXPERIMENTAL METHODS
To d e te rm in e  th e  f e a s i b i l i t y  o f  chem ical tre a tm e n t o f  m eat p ro c e s s in g  
w a s te s ,  s tu d ie s  w ere perform ed on a r t i f i c i a l  b e e f  p ro c e s s in g  w a s te s  and on 
w a s te s  from  a n ea rb y  b e e f  and p o rk  p ro c e ss in g  p l a n t .  P re l im in a ry  s tu d ie s  
o f  th e  w as tew a te r from  t h i s  p ro c e s s in g  p la n t  in d i c a te  t h a t  th e  w as te  ch a ra c ­
t e r i s t i c s  a re  com parab le  to  th o se  re p o r te d  th ro u g h o u t th e  m eat in d u s tr y .  The 
s t r e n g th  o f th e  w a s te w a te r  i s  shown in  T able 9 .
T ab le  9 . C h a r a c te r i s t i c s  o f th e  M eat P ro c e ss in g  Waste
P aram e te r C o n c e n tra tio n  (mg/1)
COD 4,980
Org-N 140
T o ta l  Suspended S o lid s 2,000
O il & G rease 1,980
To p re p a re  an a r t i f i c i a l  w a s te  which had a p p ro x im a te ly  th e  same s t r e n g th  
a s  w as te  c o l le c te d  from  th e  meat p ro c e s s in g  p l a n t ,  f iv e  grams o f  ground b e e f  
w ere  mixed w ith  250 ml o f  w a te r . The m ix tu re  was b len d ed  in  a  la b o ra to ry  
b le n d e r  a t  h ig h  speed  f o r  one m in u te . The m ixed sam ple was th e n  f i l t e r e d  
th ro u g h  f i l t e r t i n g  m edia to  remove g re a s e , g ro s s  s o l i d s ,  and t i s s u e .  Paper
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to w e lin g , c h e e s e c lo th ,  and m u s lin  c lo th  w ere t e s t e d  a s  f i l t e r i n g  m edia. Ana­
l y s i s  o f th e  f i l t e r e d  w astes  re c o rd e d  in  T ab le  10 shows th a t  f i l t e r i n g  th ro u g h  
c h e e s e c lo th  p roduces th e  d e s i r e d  a r t i f i c i a l  w a s te .
T ab le  10. C h a r a c te r i s t i c s  o f  A r t i f i c i a l  W astes.
F i l t e r e d  W aste 
By
COD Org-N O&G TSS
mg/1
P ap er Towel 2,624 116 1,205 1,400
C heese C lo th 4,618 168 1 ,890 1,950
M uslin  C lo th 1,200 68 290 590
C hem ical S e le c t io n  
The l i t e r a t u r e  rev iew  re v e a le d  th a t  p r o te in - c o n ta in in g  w as tew a te r from  
th e  m eat p ack in g  (b e e f  and p o rk  p ro c e s s in g )  p la n t s  can  be t r e a t e d  by means o f 
ch em ica l p r e c i p i t a t i o n  u s in g  co m m erc ia lly  a v a i l a b l e  o r  e a s i l y  p re p a ra b le  p r e ­
c i p i t a t i n g  a g e n ts .  P re lim in a ry  s c re e n in g  t e s t s  u s in g  a r t i f i c i a l  w astes  
p re p a re d  in  th e  la b o ra to r y  was u sed  to  d e te rm in e  th e  te c h n ic a l  f e a s i b i l i t y  
o f  p r o te in  p r e c i p i t a t i o n .  W astew ater c o l le c t e d  a t  th e  c a tc h  b a s in  from an  
e x i s t in g  p la n t  was a l s o  u sed .
The fo llo w in g  chem ica ls  w ere  used  in  th e  s tu d y :
S u l f u r ic  a c id -so d iu m  h y d ro x id e  
Aluminum s u l f a t e  (alum )
F e r r i c  c h lo r id e  
G lucose t r i s u l f a t e  
C e l lu lo s e  s u l f a t e  
L ig n o s u lfo n ic  a c id  
V is c a r in  402 ca rra g e e n a n  
C h ito sa n
K ra f t  p a p e r  s u l f a t e  
M olasses s u l f a t e  
S ta rc h  s u l f a t e  
Corn sy ru p  s u l f a t e
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A n a ly t ic a l  M ethods
L ab o ra to ry  e v a lu a t io n s  w ere co n ducted  w i th  a  (Ph ipps & B ird ) la b o ra to ry  
s t i r r e r .  The d e s i r e d  chem ica ls  o r  com bination  o f  chem ica ls  w ere added to  
500 ml of w a s te w a te r  w h ile  i t  w as b e in g  s t i r r e d  a t  50 rpm. The s t i r r i n g  r a t e  
was in c re a s e d  to  100 rpm f o r  a tw o -m in u te  p e r io d  to  in s u re  com plete  m ixing  and 
th e n  reduced to  20 rpm fo r  15 m in u te s .  The w a s te  was s e t t l e d  f o r  abou t 2 
h o u r s ,  a f t e r  w hich  a s u p e rn a ta n t  w as drawn o f f  f o r  chem ical a n a ly s i s .
I n i t i a l l y ,  a number o f  t e s t s  w ere  run  u s in g  v i s u a l  in s p e c t io n  and COD 
a n a ly s i s  to  d e te rm in e  th e  p e rfo rm a n c e  o f each  ch em ica l. Only th e  b e t t e r  p r e ­
c i p i t a t i o n  c a n d id a te s  w ere s e l e c t e d  to  be e x te n s iv e ly  sc re e n e d .
The s c re e n in g  p ro c e s s  n a rro w e d  th e  c a n d id a te s  to  e ig h t  c h e m ic a ls . These 
c h em ica ls  w ere e x te n s iv e ly  s tu d i e s  to  d e te rm in e  rem oval e f f i c i e n c i e s  and e a s e  
o f  s o l id s  l i q u i d  s e p a r a t io n .
The raw and c h e m ic a lly  t r e a t e d  w astes  w ere  an a ly zed  f o r  th e  fo llo w in g  
p a ra m e te rs  :
(a )  pH
(b) C hem ical oxygen demand (COD)
(c) T o ta l  suspended  s o l i d s  (TSS)
(d) P r o te in
(e ) O i l  and g re a se
The pH was m easured  u s in g  a  P h o to v o lt  pH m e te r . COD and TSS d e te rm i­
n a t io n s  w ere r e g u la r ly  perfo rm ed  on  a l l  sam ples u s in g  th e  p ro c e d u re  o u t l in e d  
in  th e  F o u r te e n th  E d i t io n  o f  S ta n d a rd  M ethods f o r  E xam ination  o f W ater and 
W astew ater (1 9 7 6 ).
O rganic n i t r o g e n  and o i l  and  g re a se  a n a ly s e s  w ere perform ed r e g u la r ly  on
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sam ples which had th e  optimum COD rem oval e f f i c i e n c y .  P ro ced u res  o u t l in e d  
in  S ta n d a rd  M ethods (100) w ere fo llo w e d . Based on th e  av e ra g e  p e rc e n ta g e  
o f t h e  n it ro g e n  c o n te n t in  p r o te in ,  p r o te in  c o n c e n tr a t io n s  w ere e s tim a te d  
by m u l t ip ly in g  th e  c o n c e n tra t io n  o f th e  o rg a n ic  n i t r o g e n  by th e  f a c to r  
100/16 o r  6 .25  (1 0 1 ).
I n  a d d i t io n  to  th e  above m entioned  p a ra m e te r s ,  i r o n  (Fe) and aluminum 
(Al) a n a ly se s  w ere a ls o  perform ed on th e  p u r i f i e d  w a te r  w hich was t r e a t e d  
w ith  f e r r i c  c h lo r id e  (FeClg) o r aluminum s u l f a t e  (A l2 (S 0 ^ )g ). I ro n  and 
aluminum were an a ly z e d  u s in g  a In s tru m e n ta tio n  L a b o ra to ry  Atomic A b so rp tio n  
s p e c tro p h o to m e te r  model 453. These a n a ly se s  w ere  perform ed  on sam ples 
c o l le c t e d  and a c i d i f i e d  w ith  1:1 n i t r i c  a c id  and d i s t i l l e d  w a te r .
S o lid s -L iq u id  S e p a ra t io n
S e d im e n ta tio n , f l o t a t i o n ,  and c e n t r i f u g a t io n  p ro c e s se s  w ere s tu d ie d  to  
d e te rm in e  th e  e f f ic ie n c y  o f  s e p a r a t io n  o f  th e  p r e c i p i t a t e d  m a te r ia ls  from  
th e  t r e a t e d  w a s te w a te r .
S ed im en ta tio n
L a b o ra to ry  s e t t l i n g  s tu d ie s  w ere conducted  i n  a column o f th e  ty p e  
shown in  F ig . 1. P r io r  to  s e t t l i n g  a i r  was sp a rg e d  in to  th e  bo ttom  o f  th e  
column fo r  a few m inu tes to  a s s u re  a un ifo rm  c o n c e n tr a t io n  o f  suspended 
s o l id s  a t  th e  b e g in n in g  o f th e  t e s t .  The t r e a t e d  w astew a te r su sp e n s io n  was 
p la c e d  in  th e  column and was a llo w ed  to  s e t t l e  u n d e r q u ie s c e n t  c o n d i t io n s . 
Sam ples w ere th e n  drawn o f f  a t  a  a  g iv en  d ep th  a t  s e le c te d  tim e  i n t e r v a l s  
up to  120 m in u te s , and th e  c o n c e n tra t io n  o f suspended  s o l id s  i n  each sam ple 
was d e t  e rm ined .
The maximum s e t t l i n g  v e lo c i ty  o f suspended  s o l id s  in  each  sam ple was
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S e t t l i n g  co lum n
2.35 ft
4 ft
3 ^J— ► Sam pl i ng  po r t
hrr— . Sparging  a i r
F ig u re  1. L a b o ra to ry  S e t t l i n g  Column f o r  E v a lu a tio n  o f 
C la ss -1  C l a r i f i c a t i o n .
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=  f -
w here _ sam pling  d e p th ,  f t .
t  = tim e  a t  sam p lin g  i n  min.
A s e t t l i n g  v e l o c i ty  c u rv e , su ch  as  was shown in  F ig .  1. was p lo t te d  
f o r  each su sp e n s io n . O v e ra ll  rem oval from  th e  c l a r i f i e d  l i q u i d  can be 
computed from  th e  fo llo w in g  e q u a t io n :
(1-X  ) + 1
w here _ w e ig h t f r a c t i o n  removed
X = w e ig h t f r a c t i o n  removed a t  Uo o
= s e t t l i n g  v e l o c i t y ,  f t /m in
The l a s t  te rm  in  th e  above e q u a tio n  c a n  b e  e v a lu a te d  by g r a p h ic a l
in t e g r a t i o n  o f  th e  s e t t l i n g  c u rv e  betw een th e  l i m i t s  o f 0 and X^, i . e . ,  
a c r o s s  th e  sh ad ed  a r e a  shown in  F ig .  2.
F lo ta t io n
A la b o ra to r y  b e n c h - s c a le  t e s t  p ro c e d u re  was developed  to  s im u la te  th e  
d is s o lv e d  a i r  f l o t a t i o n  p ro c e s s  and was u s e d  th ro u g h o u t th e  s tu d y  in  th e  
d e te rm in a tio n  o f  d e s ig n  p a ra m e te rs  f o r  an a i r  f l o t a t i o n  u n i t .  The p rim ary  
v a r i a b le s  f o r  d e s ig n  w ere  p r e s s u r e ,  r e c y c le  r a t i o ,  feed  s o l i d s  c o n c e n t r a t io n ,  
and . r e te n t io n  p e r io d .
The p r i n c i p a l  com ponents o f  th e  f l o t a t i o n  system  a r e  a  p r e s s u r iz in g  
pump, a i r  i n j e c t i o n  f a c i l i t i e s ,  a  r e t e n t i o n  ta n k ,  a back  p r e s s u r e  r e g u la t in g  
d e v ic e ,  and a  f l o t a t i o n  u n i t  as shown in  F ig .  3.
R ecycle  r a t e s  o f 50 , 100, and  150 p e r c e n t  o f  th e  p r e s s u r iz e d  w a te r  w ere  



















S e t t l i n g  v e lo c i t y
F ig u re  2. S e t t l i n g - v e l o c i t y  A n a ly s is  Curve f o r  C la ss -1  






F ig u re  3 . L a b o ra to ry  D isso lv ed  A ir F lo ta t io n  U n it.
1 . P re s s u re  Chamber, 2 . A ir  S p a rg e r , 3 . A ir  I n je c t io n  
P o r t ,  4 . P re s s u re  Gauge, 5 . P r e s s u r iz e d  l i q u id  C o n tro l 
V alve , 6 . R is e r  Tube, 7. C a l ib ra te d  p l a s t i c  Column,
8 . P r e s s u r iz e d  L iq u id  I n j e c t io n  and Sam pling P o r t .
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and f l o a t - s o l i d s  c o n c e n tr a t io n  and e f f lu e n t  suspended s o l id s  w ere d e te rm in e d . 
R e s u l t s  of th e  e f f l u e n t  suspended s o l id s  w ere c o r re c te d  f o r  th e  p e rc e n t o f 
th e  r e c y c le  w ater u se d . The a i r / s o l i d s  r a t i o  was computed from  th e  fo llo w in g  
e q u a t io n :
A = 1 .3  s f  (P - l)R
«---------------— I -------------a
3
w here s^  = a i r  s a t u r a t i o n ,  cm / l i t e r
f  = f r a c t i o n  o f  s a tu r a t io n  a t t a in e d  in  th e  r e t e n t io n  ta n k
R = p re s s u r iz e d  volum e, l i t e r
P = a b s o lu te  p r e s s u r e ,  atm
= in f l u e n t  suspended  s o l i d s ,  m g / l i t e r
The p rocedu re  u sed  to  e s t im a te  th e  f l o t a t i o n  c h a r a c t e r i s t i c s  o f a w a s te  
u s in g  th e  la b o ra to ry  b e n c h -s c a le  model was as  fo llo w s :
S e le c t  a r e c i r c u l a t i o n  r a t i o ;  f o r  exam ple, 0 .5 0 /1 :
1. P lac e  2 l i t e r s  o f a  r e p r e s e n ta t iv e  sam ple o f  th e  t r e a t e d  w aste  in  
a 1 0 - l i t e r  c a l ib r a t e d  column (see  F ig . 3 ) .
2 . F i l l  th e  p r e s s u re  c e l l  a p p ro x im a te ly  th r e e - f o u r th s  f u l l  o f w a te r .
3. Secure th e  co v er g a sk e t and cover p r e s s u re  c e l l ,  making c e r t a in  
a l l  th e  v a lv e s  a re  c lo s e d .
4 . I n j e c t  a i r  i n to  th e  c e l l  u n t i l  a p re s s u re  o f 40 p s i  i s  a t t a in e d ,  
and m a in ta in  t h i s  p r e s s u r e  d u rin g  th e  t e s t .
5. Shake th e  c e l l  v ig o ro u s ly  f o r  one m inu te  to  a s s u re  s a tu r a t io n  o f 
th e  p r e s s u r iz e d  l i q u id .
6. R e lease  1 l i t e r  o f  th e  s a tu r a te d  w a te r  in to  th e  c a l ib r a t e d  column.
7. Allow th e  c o n te n ts  o f  th e  c a l ib r a t e d  column to  come to  r e s t  and 
observe  th e  f l o t a t i o n .  A f te r  a f l o t a t i o n  tim e  o f 20 m in u te s , th e  
c l a r i f i e d  e f f l u e n t  and th e  f lo a te d  s lu d g e  a r e  drawn o f f  th rough
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a  v a lv e  in  th e  b o tto m  o f th e  colum n.
C e n t r i f u g a t io n
S tandard  la b o ra to r y  t e s t s  w ere  developed  fo llo w in g  th e  p ro c e d u re s  
d ev e lo p ed  by B ird  M achine Company, I n c . ,  South W alpole, M a ssa c h u se tts  (1 0 2 ). 
F o r ty  ml of th e  t r e a t e d  sam ple w ere  p la c e d  in  a c e n t r i f u g e  tu b e  and cen­
t r i f u g e d  a t  700 to  1,000 tim es g r a v i t y  f o r  3 0 - , 6 0 -, 9 0 - and 120-second 
i n t e r v a l s .  At th e  end o f p e r io d ,  th e  s u p e rn a ta n t was drawn o f f  f o r  t o t a l  
su spended  s o l id s  d e te rm in a tio n . The s u p e rn a ta n t c l a r i t y  was n o te d , and th e  
cake o r  s e t t l e d  f r a c t i o n  f irm n e ss  was checked w ith  a 1 /8 "  th i c k  g la s s  
s t i r r i n g  rod ap p ro x im a te ly  6" lo n g .
I f  a c le a r  s u p e rn a ta n t  and a  dense  s o l id  cake w hich w ould su p p o r t th e  
w e ig h t o f th e  s t i r r i n g  rod  f o r  30 seconds w ere o b ta in e d , th e  in d ic a t io n s  
w ere t h a t  th e  s o l id s  cou ld  be  e a s i l y  s e p a ra te d  by c e n t r i f u g a t io n .  I f ,  a t  
th e  end  of th e  tw o-m inu te s p in  p e r io d ,  e i t h e r  th e  s u p e rn a ta n t  was cloudy  
o r th e  s t i r r i n g  ro d  s e t t l e d  w ith  no r e s i s t a n c e  th ro u g h  th e  com pacted cake , 
in d ic a t io n s  w ere t h a t  th e  s o l id s  co u ld  n o t be s e p a p ra te d  from  th e  l i q u id  
by c e n t r i f u g a t io n .
T o ta l suspended  s o l id s  d e te rm in a tio n s  w ere perform ed  on b o th  th e  su p e r­
n a t a n t  and th e  fe e d  s lu r r y  o f  th e  t r e a te d  w astew a te r sa m p le s . T o ta l 
suspended  s o l id s  rem oval e f f i c i e n c i e s  f o r  a l l  chem ica ls  t e s t e d  w ere c a l ­
c u la te d .  The r e l a t i o n s h ip  be tw een  th e  rem oval e f f ic ie n c y  o f  s o l id s  a t  
v a r io u s  c e n t r i f u g a l  speeds and tim e s  was p lo t t e d  to  e s t a b l i s h  th e  optimum 
c e n t r i f u g a l  f o r c e  and tim e . A S o rv a l au to m a tic  su p ersp eed  c e n t r i f u g e  model 
SS-3 was used f o r  t h i s  s tu d y .
CPAFTER IV
EXPERIMENTAL RESULTS AND DISCUSSION
Chem ical S e le c t io n  
J a r  t e s t s  w ere  perform ed  s e v e r a l  tim e s  d u r in g  th e  c o u rs e  o f th e  s tu d y  
to  e s t a b l i s h  t h e  do sag es  n e c e s s a ry  f o r  c o a g u la t io n .  Sam ples o f th e  s u p e r ­
n a ta n ts  w ere draw n o f f  f o r  a n a l y s i s .  O b se rv a tio n s  of f l o e  fo rm a tio n , s i z e  
o f  th e  f l o e ,  c l a r i t y  o f  th e  e f f l u e n t ,  and s e t t l i n g  c h a r a c t e r i s t i c s  w ere made. 
R e s u lts  of th e  p re l im in a ry  t e s t s  in c lu d in g  v i s u a l  e v a lu a t io n  o f th e  p r e c i p i ­
t a t e ,  s e t t l i n g  r a t e s ,  e f f l u e n t  c l a r i t y ,  and optimum COD rem oval e f f i c i e n c i e s  
f o r  a l l  c h e m ic a ls  a re  p re s e n te d  in  T ab le  11.
Based on th e s e  p re l im in a ry  s t u d i e s ,  i t  was a p p a re n t t h a t  c e l lu lo s e  s u l ­
f a t e  was th e  l e a s t  e f f e c t i v e  ch em ica l among th e  ch em ica ls  t h a t  had b een  te s t e d  
f o r  th e  p r o t e i n  p r e c i p i t a t i o n  p ro c e s s .  O v e ra l l  p e rfo rm ance  o f  t h i s  ch em ica l 
was poor and i t  was e l im in a te d  from f u r t h e r  s tu d y .
P re l im in a ry  s c re e n in g  t e s t s  red u ced  th e  number o f ch em ica ls  to  e le v e n . 
These e le v e n  w ere  to  be  s tu d ie d  in  more d e t a i l  to  d e te rm in e  t h e i r  rem oval 
e f f i c i e n c i e s ,  c h a r a c t e r i s t i c s  o f f lo e  fo rm a t io n ,  c o lo r ,  and s e t t l i n g .
S u l f u r ic  Acid and Sodium H ydroxide 
S e v e ra l r e s e a r c h e r s  (75 , 85, 86) r e p o r te d  t h a t  p r o t e i n  could  b e  o b ta in e d  
from  th e  p r o te in - c o n ta in in g  w a s te w a te rs  by p r e c i p i t a t i n g  e i t h e r  a t  pH 2 o r  12 
and r e a d ju s t in g  i t  to  th e  i s o e l e c t r i c  p o in t  w i th  ac id  o r  a l k a l i  compounds.
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Table II. Results of the Preliminary Screening Tests.
Chem ical P r e c i p i t a t i o n C la r i ty  o f  E f f lu e n t S e t t l i n g
COD
E f f lu e n t
mg/1
R ed u c tio n
%
H^SO^-NaOH F a ir F a ir F a ir 1,072 73
Alum d u a l system Good Good Good 464 88
FeClg d u a l system Good Good Good 502 87
S ta rc h  s u l f a t e F a i r Poor F a i r 1,196 70
M olasses s u l f a t e Good F a ir F a i r 786 80
Corn sy rup  s u l f a t e Good Good Good 558 86
G lucose t r i s u l f a t e Good Good Good 518 87
L ig n o su lfo n ic  a c id Good Good Good 668 83
V is c a r in  402 c a rra g e e n a n Good F a ir Poor 816 79
K ra f t  p a p e r s u l f a t e Good Good F a i r 579 85
C h ito sa n Good Good F a i r 500 87
C e l lu lo s e  s u l f a t e Poor Poor Poor 1,994 50
U)
N ote: C o n c e n tra tio n  o f  i n f l u e n t  f o r  th e  c h i to s a n  p r e c i p i t a t i o n  was 4 ,100  m g/1.
C o n c e n tra tio n  o f in f l u e n t  f o r  a l l  o th e r  chem ica l p r e c i p i t a t i o n  was 3 ,9 8 8 .9 0  m g/1.
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L a b o ra to ry  bench  t e s t s  w ere  perform ed to  d e te rm in e  th e  o p tim a l rem oval 
e f f i c i e n c y  o f  t h i s  p r o te i n  p r e c i p i t a t i o n  p ro c e s s .  In  t h i s  t e s t ,  s u l f u r i c  
a c id  was used  to  lo w er th e  pH o f th e  w as tew a te r sam ples to  t h e  d e s ir e d  
l e v e l s .  R e a d ju s tin g  th e  pH by a d d i t io n  o f sodium  h y d ro x id e  t o  c e r t a in  
v a lu e s  a l t e r e d  th e  i s o e l e c t r i c  s t r u c t u r e  o f  th e  s o lu b le  p r o te i n  and a id ed  
in  th e  s e p a r a t io n  and c o a g u la t io n  o f  th e  p r o t e i n s .
I n i t i a l l y ,  th e  w a s te s  w ere a d ju s te d  t o  pH 2 and 3 w ith  s u l f u r i c  a c id  
fo llow ed  by re a d ju s tm e n t w ith  sodium  h y d ro x id e  to  pH 3 , 4 , 5 ,  6 , and 7, 
r e s p e c t iv e ly .  V is u a l  o b s e rv a t io n s  o f th e  pH c o n t ro l  on th e  p r o te in  p re c ip ­
i t a t i o n  a r e  shown in  T ab le  12,
T ab le  12. R e s u l t s  o f  th e  pH c o n t r o l  t e s t s
pH











The pH c o n t r o l  t e s t s  in d ic a te d  th a t  o p tim a l p r e c i p i t a t i o n  to o k  p la c e  in  
th e  low pH ra n g e  2 -3  and h ig h  pH v a lu e  o f  5 . No p r o te i n  p r e c i p i t a t i o n  oc­
c u rre d  a t  a  pH v a lu e  g r e a t e r  th a n  6 .
T ab le  A-1 and F ig .  4 g iv e  th e  r e s u l t s  o f  a n a ly se s  show ing th e  e f f e c t s  
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F ig u re  4 . E f f e c t  o f  pH on th e  E f f ic ie n c y  i n  th e  Removal o f  COD.
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J a r  t e s t i n g / v i s u a l  e v a lu a tio n  in d ic a te d  th a t  lo w e rin g  th e  pH to  2 o r  3 
produce a lm o s t equal r e s u l t s .  The t r e a te d  e f f l u e n t  was n o t  c l e a r .  The f lo e  
was s m a l l ,  f r a g i l e ,  and  had poor s e t t l i n g  r a t e .  However, e f f i c i e n c i e s  i n  th e  
rem oval o f  COD, TSS, O&G, and Org-N w ere 77, 85, 8 1 , and 53 p e r c e n t ,  r e s p e c ­
t i v e l y .  Comparison o f  th e  r e s u l t s  in  T ab le  A-1 and  A-2 show th a t  th e  a c id -  
a l k a l i  p ro c e s s  in c re a s e d  in  e f f i c i e n c y  w ith  an  in c r e a s e  in  w as te  s t r e n g th .
Aluminum S u lfa te
E a r ly  t e s t s  w ith  aluminum s u l f a t e  (alum ) showed some p ro m ise , b u t th e  
f lo e  was v e ry  sm all and  slow  fo rm in g . The s u p e rn a te n t  o f th e  t r e a te d  w as te  
was tu r b id  and th e  suspended  f lo e  showed no te n d en cy  to  s e t t l e .  A rev iew  
o f th e  l i t e r a t u r e  r e v e a le d  th a t  a l k a l i n i t y  m ust b e  p re s e n t  i n  e x c e ss  o f  t h a t  
d e s tro y e d  by th e  a c id  r e le a s e d  by th e  c o a g u la n t f o r  e f f e c t i v e  and com plete 
c o a g u la t io n  to  o c c u r. The a l k a l i n i t y  a c t s  to  b u f f e r  th e  w a s te  a t  pH le v e l s  
above 5 and in s u re s  com ple te  p r e c i p i t a t i o n  o f  th e  c o a g u la tin g  io n s .  J a r  
t e s t s  in d ic a te d  th a t  l a r g e  amounts o f sodium h y d ro x id e  w ere re q u ir e d  to  
r a i s e  th e  pH to  around  9 to  in s u r e  e f f e c t iv e  p r e c i p i t a t i o n  o f  alum  in  th e  
pH ra n g e  o f  5 .0 -5 .5 .
Due to  th e  l a r g e  q u a n t i ty  o f  th e  chem ical consumed to  a c h ie v e  f lo e  f o r ­
m a tio n , th e  p r e c i p i t a t i o n  was n o t  c o n s id e re d  com parab le  w ith  t h a t  o f o th e r  
c h e m ic a ls . T h e re fo re , tre a tm e n t by  a  com bination  o f  chem ica ls  was 
in v e s t ig a te d .
The p ro p e r  co m b in a tio n  o f  s u l f u r i c  a c id ,  sodium  h y d ro x id e , and alum was 
found to  b e  th e  m ost e f f i c i e n t .  The w astes  w ere a d ju s te d  to  pH 3 w ith  HgSO^ 
fo llow ed  by re a d ju s tm e n t to  pH 5 w ith  NaOH. T h is  tr e a tm e n t removed 77% and 
53% o f th e  COD and o rg a n ic  n i t r o g e n  c o n t r ib u t in g  m a te r i a l s ,  r e s p e c t iv e ly .  
A d d it io n a l  p ro te in  p r e c i p i t a t i o n  was o b ta in e d  by ad d in g  alum and a d ju s t in g  
th e  pH to  4 .5 -4 .9 .  T a b le  A-3 sum m arizes th e  r e l a t i o n s h i p  betw een th e
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ch e m ic a l d o sa g e , pH v a lu e ,  and o rg a n ic  rem oval e f f i c i e n c i e s .  The r e l a t i o n s h ip  
be tw een  COD rem oval e f f ic ie n c y  and alum dosage  i s  p re s e n te d  in  F ig .  5.
R e s u l t s  o f  th e  p r o te in  p r e c i p i t a t i o n  t e s t  u s in g  com binations  o f  s u l f u r i c  
a c i d ,  sodium  h y d ro x id e , and alum in d ic a te d  good s e p a r a t io n  o f p r o te in s  from  
th e  w a s te . T h is  d u a l system  r e s u l t e d  in  e x c e l le n t  f lo e  fo rm a tio n . The f lo e  
was sm a ll b u t  com pact and s e t t l e d  i n  a s h o r t  p e r io d  o f  tim e . The e f f lu e n t  
was c l e a r  and  c o lo r  f r e e .  U sing an  optimum dosage o f  5 ml (0 .2  g / l )  o f  alum  
on th e  500-m l sam ple , COD, TSS, O rg-N , and O&G w ere red u ced  by 8 5 , 98, 67 , 
and 96 p e r c e n t ,  r e s p e c t iv e ly .
F e r r i c  C horide
P re v io u s  ex p erim en ts  u s in g  o n ly  f e r r i c  c h lo r id e  f o r  th e  tre a tm e n t o f  
m eat p a c k in g  w astes  was n o t  s u c c e s s f u l .  T rea tm en t o f  th e  w aste  w ith  f e r r i c  
c h lo r id e  fo llo w e d  th e  same p ro c e d u re  a s  t e s t s  perfo rm ed  w ith  alum . Combi­
n a t io n  t r e a tm e n t  u s in g  a c i d - a l k a l i  and f e r r i c  c h lo r id e  was in v e s t ig a t e d .
A c id - a l k a l i  a lo n e  r e s u l t e d  i n  a COD and Org-N rem oval o f 77 and 53 
p e r c e n t ,  r e s p e c t i v e l y .  A d d it io n a l  t r e a tm e n t u s in g  d i f f e r e n t  ch em ica l dos­
ag es  o f  4 , 5 ,  and 6 ml (0 .1 6 , 0 . 2 ,  and 0 .2 4  g / l )  o f  f e r r i c  c h lo r id e  was 
s tu d ie d .  The d a ta  a r e  com piled  i n  T ab le  A -4 . The r e l a t io n s h ip  betw een th e  
e f f i c i e n c y  i n  th e  rem oval o f COD and amount o f  ch em ica l added i s  shown in  
F ig . 6.
C om binations o f  HgSO^ -  NaOH -  FeCl^ w ere found to  be  as e f f e c t i v e  a s  
HgSO^ -  NaOH -  A l2(S 0^^g . O b se rv a tio n s  o f  th e  f e r r i c  c h lo r id e  p r e c i p i t a t i o n  
bench  s c a le  t e s t s  showed heavy f l o e  fo rm a tio n , c l e a r  e f f l u e n t ,  and  good 
s e t t l i n g  c h a r a c t e r i s t i c s .  T h is  sy s te m  w ith  th e  optimum dosage o f  0 .2  g / l  
gave r e d u c t io n s  o f  COD, TSS, O rg-N , and O&G o f  87, 99 , 71, and 96 p e rc e n t ,  














Figure 5. Efficiency in the Removal of COD by Addition of














_Eigur.e,_6._ Efficiency in the Removal of COD by Addition of
Different Amounts of Ferric Chloride.
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Sugar S u l f a t e  E s te r  
The s u g a r  s u l f a t e  e s t e r  was p re p a re d  by t r e a t i n g  a s a c c h a r id e  o r  a 
m ix tu re  o f  s a c c h a r id e s  w ith  an e x c e ss  o f  c o n c e n tra te d  s u l f u r i c  a c id .  The 
s a c c h a r id e s  te s t e d  in c lu d e d  g lu c o s e ,  m o la s se s , co rn  sy ru p , and  s ta r c h .  The 
e s t e r s  w ere p re p a re d  by m ix ing  1 volume o f  th e  s a c c h a r id e  m a te r i a l  w ith  2 
volum es o f  c o n c e n tra te d  s u l f u r i c  a c id  a t  a  te m p e ra tu re  o f  0 -15°C . The s u l ­
f a t i o n  m ethod developed  by Thorn and Simonson was fo llow ed  (6 5 ) .
C o n tro l of pH was c r i t i c a l  u s in g  t h i s  m ethod. Because pH i s  a  fu n c t io n  
o f  th e  amount o f chem ica l ad ded , an  in c r e a s e  i n  th e  dosage w i l l  d e c re a se  th e  
pH. P r o te in s  have a  c e r t a in  b u f f e r in g  c a p a c i ty  which had to  be  overcome to  
red u ce  th e  pH to  th e  i s o e l e c t r i c  p o in t .  I s o e l e c t r i c  v a lu e s  v a ry  w ith  d i f f e r ­
e n t p r o t e i n s .  G e n e ra lly , a c i d i f i c a t i o n  to  pH 4 .9  o r  below a l t e r e d  th e  i s o ­
e l e c t r i c  s t r u c t u r e  o f  th e  s o lu b le  p r o te in s  and a id ed  in  th e  s e p a r a t io n  and 
c o a g u la t io n  o f  th e  suspended m a t te r .
B e n c h -sc a le  t e s t s  w ere co n d u c ted  to  d e te rm in e  th e  p r o t e i n  p r e c i p i t a t i o n  
e f f i c i e n c y  o f  th e  su g a r e s t e r s .  I n i t i a l l y ,  a  number o f j a r  t e s t s  w ere run  
u s in g  v i s u a l  in s p e c t io n  o n ly  to  o b se rv e  th e  p r e c i p i t a t i o n  and  s e t t l i n g  c h a ra c ­
t e r i s t i c s  due to  d i f f e r e n t  c h em ica l d o sa g e s . pH m easurem ents w ere re c o rd e d  
to  s tu d y  th e  e f f e c t s  o f  pH on th e  p r o t e i n  p r e c i p i t a t i o n .  I n f lu e n c e  o f  pH 
on th e  p r e c i p i t a t i o n  i s  shown in  T ab le  13.
T ab le  13 r e v e a ls  t h a t  good t o  e x c e l le n t  p r e c i p i t a t i o n  o c c u rre d  i n  th e  
pH ran g es  3 .8 -5 .0 .  E x p e rim en ta l e v id e n c e  confirm ed  th a t  t r e a tm e n t  o f p ro -  
te in a c e o u s  w aste  w ith  su g ar s u l f a t e  e s t e r  i s  q u a n t i t a t i v e ,  m aking dosage 
c o n t r o l  im p o r ta n t .  The r e l a t i o n s h i p  betw een  COD rem oval e f f i c i e n c i e s  and 
d i f f e r e n t  chem ica l dosages o f  s t a r c h  s u l f a t e ,  m o lasses  s u l f a t e ,  corn  sy rup  
s u l f a t e ,  and g lu c o se  t r i s u l f a t e  i s  shown in  F ig s .  7 th ro u g h  1 0 , r e s p e c t iv e ly .
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T ab le  13. In f lu e n c e  o f pH and D osage on S ugar S u lf a te  E s te r - P r o te in  
P r e c i p i t a t i o n .
Dosage
g / l
pH Range P r e c i p i t a t i o n
above 0 .80 0 - 2 .0 Poor
0 .5 -0 .6 0 2 .8 -3 .7 F a ir
0 .2 -0 .4 0 3 .8 - 5 .0 Good
0 -0 .1 2 Above 5 .5 Poor
Based on th e s e  d a ta  i t  i s  e v id e n t  t h a t  t h e  maximum COD rem oval was 
ach iev ed  a t  th e  optimum dosage o f  0 .5  ml (0 .2 0  g / l )  w i th in  th e  pH ran g e  o f  
3 .8 -5 .0  f o r  a l l  fo u r  o f  th e  e s t e r s .  Chem ical a n a ly s is  o f  th e  e f f l u e n t  t r e a t e d  
w i th  s ta r c h  s u l f a t e ,  m olasses s u l f a t e ,  co rn  sy ru p  s u l f a t e ,  and g lu c o se  t r i ­
s u l f a t e  w ere com piled  in  T ab le  A -5 , A-6, A -7 , and A-8, r e s p e c t iv e l y .
E v a lu a tio n  o f  th e  su g ar s u l f a t e  e s t e r  p r e c i p i t a t i o n  s tu d ie s  can  be sum­
m arized  a s  fo llo w s  :
1. The COD rem oval e f f i c i e n c i e s  fo r  g u lc o s e , co rn  sy ru p , m o lasses 
and s ta r c h  e s t e r s  w ere 82, 80, 76 , and 69 p e r c e n t ,  r e s p e c t iv e ly .
2 . The p r o te i n  p r e c i p i t a t i o n  e f f ic ie n c y  was h ig h e r  fo r  th e  g lu c o se  
and  co rn  syrup  e s t e r s  th an  f o r  m o lasses on s t a r c h  e s t e r s .
3 . F lo e  fo rm a tio n  was good fo r  g lu c o s e ,  corn  s y ru p , and m o lasses  
e s t e r s .
4 . S ta rc h  s u l f a t e  was th e  l e a s t  e f f e c t i v e  chem ical a g e n t f o r  p r o te in  
p r e c i p i t a t i o n ,  b eca u se  most o f t h e  s ta r c h  was n o t  s u l f a t e d .
5 . I n c re a s in g  th e  ch em ica l dosage above i t s  optimum v a lu e  d id  n o t 











Figure 7. Efficiency in the Removal of COD by Addition of
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Figure 8. Efficiency in the Removal of COD by Addition of













Figure 9. Efficiency in the Removal of COD by Addition of
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Figure 10. Efficiency in the Removal of COD by Addition of
Different Amounts of Glucose Trisulfate.
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m a tte r  and in c r e a s e  th e  t u r b i d i t y  in  th e  f i n a l  e f f l u e n t .  I t  was s p e c u la te d  
t h a t  t h e  f lo e  w h ich  was i n i t i a l l y  formed was p a r t i a l l y  r e d is s o lv e d  in  th e  
low pH s o lu t io n .
L ig n o su lfo n ic  Acid (LSA)
L ig n o s u lfo n ic  a c id  i s  a  b y -p ro d u c t from  th e  s u l f i t e  wood p u lp in g  in d u s ­
t r y  and i s  co m m ercia lly  a v a i l a b l e  i n  a v a r i e ty  o f  forms and q u a l i t i e s .  LSA 
p ro d u c ts  a re  a v a i l a b l e  as sod ium , ca lc iu m , o r  ammonium l ig n o s u l f o n a te .  In  
a p p l ic a t io n s  w here  n i t r o g e n  rem oval i s  an o b je c t iv e ,  ammonium l ig n o s u l f  o n a te  
i s  u n d e s i r a b le .  Sodium l ig n o s u l f o n a te  was u sed  i n  t h i s  s tu d y .
B e n c h -sc a le  s tu d ie s  w ere  made u s in g  a  15 p e r c e n t  LSA s o lu t i o n  fo r  p ro ­
t e i n  p r e c i p i t a t i o n .  V arious am ounts o f l ig n o s u l f o n ic  a c id  was added to  500 
ml sam ple  and th e  pH was a d ju s te d  to  d i f f e r e n t  l e v e l s  w ith  s u l f u r i c  a c id .  
R e s u l t s  o f th e  in f lu e n c e  o f pH on L S A -pro te in  p r e c i p i t a t i o n  a r e  shown i n  
T ab le  14.
T ab le  14. I n f lu e n c e  o f pH on L S A -Pro tein  P r e c i p i t a t i o n
pH Range P r e c i p i t a t i o n
0-1 Poor
2-3 Good
3 .4 - 4 .5 Poor
Above 4 .5 None
T hese r e s u l t s  i n d i c a te  t h a t  th e  pH m ust b e  in  th e  ra n g e  o f  2 to  3 to  
o b ta in  e f f e c t iv e  p r e c i p i t a t i o n .  P ro te in  m o le c u le s  c o n ta in  b o th  p o s i t i v e ly
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ch arg ed  am ine groups and n e g a t iv e ly  charged  c a rb o x y l g roups when th e  s o lu ­
t i o n  i s  a t  a  pH n e a r  7 . A c id i f i c a t io n  o f  p ro te in a c e o u s  w a s te w a te r  to  a 
pH below  th e  i s o e l e c t r i c  p o in t  r e s u l t s  i n  p r o te in s  c a r ry in g  a  n e t  p o s i t i v e  
c h a rg e . A c id i f i c a t io n  to  3 .5  o r  below in s u r e s  a  pH below  th e  i s o e l e c t r i c  
p o in t  f o r  m ost p r o te in  s o lu t i o n s .
L ig n o s u lfo n ic  a c id  in  s o lu t i o n  has a  n e t  n e g a t iv e  c h a rg e . W ith a c id ­
i f i c a t i o n  th e  LSA m o lecu le  c o n t in u e s  to  c a r r y  a  n e g a t iv e  c h a rg e  down to  a 
pH o f  2 . A t a pH below  1 th e  s u l f o n a te  g roup lo s e s  i t s  n e g a t iv e  c h a rg e , 
r e s u l t i n g  in  poor p r e c i p i t a t i o n  a s  shown in  T ab le  14.
B ecause  p r e c i p i t a t i o n  in v o lv e s  th e  b a la n c in g  o f o p p o s i te  io n ic  c h a rg e s , 
i t  fo llo w s  t h a t  an  o p tim a l r a t i o  e x i s t s  betw een  LSA and p r o te in s  in  o rd e r  
to  m axim ize p r o te in  rem oval a s  shown in  F ig .  11. E x p e rim e n ta l ev id en ce  as  
shown in  T ab le  A-9 co n firm s t h a t  tr e a tm e n t  o f  p ro te in a c e o u s  w a s te  w ith  LSA 
i s  q u a n t i t a t i v e ,  m aking LSA d o sag e  c o n t ro l  im p o r ta n t .
R e s u l ts  from th e  c h em ica l a n a ly s i s  o f  th e  e f f l u e n t  show o p tim a l red u c ­
t i o n s  o f  COD, TSS, Org-N, and  O&G o f 82, 9 9 , 70, and 95 p e r c e n t ,  r e s p e c t iv e ly .  
The e f f l u e n t  was c l e a r ,  and th e  s o l id  s e t t l i n g  r a t e  was h ig h .  The f lo e  was 
cu rdy  and l a r g e .
V is c a r in  402 C arrageenan
A one p e rc e n t v i s c a r i n  s o lu t i o n  was u sed  in  t h i s  s tu d y .  I n i t i a l  s tu d ie s  
on a r t i f i c i a l  w as te  showed t h a t  th e  ch em ica l r e a c te d  w ith  p r o te in s  u n d er a c id  
c o n d i t io n s .  T ab le  15 sum m arizes th e  c h a r a c t e r i s t i c s  o f th e  p r e c i p i t a t i o n  o f 
c a r r a g e e n a n -p ro te in  a t  v a r io u s  pH ra n g e s .
The s tu d y  in d ic a te d  t h a t  th e  pH m ust b e  i n  th e  ra n g e  o f  2 .8  to  3 .1  to  
a c h ie v e  e f f e c t i v e  p r e c i p i t a t i o n .  F u r th e r  e x p e rim e n ta l s t u d i e s  on m eat 
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Figure 11. Efficiency in the Removal of COD by Addition of
Different Amounts of Lignosulfonic Acid.
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of the maximum amount of protein.
T ab le  15. I n f lu e n c e  o f  pH on C a rra g e e n a n -P ro te in  P r e c i p i t a t i o n
pH Range P r e c i p i t a t i o n
0-2 Poor
2 -2 .7 F a ir
2 .8 -3 .1 Good
Above 3 .5 Poor
B ecause pH i s  a  f u n c t io n  o f  th e  amount o f  ch em ica l added , an in c re a s e  
i n  th e  d o sa g e  o f  c a rra g e e n a n  w i l l  in c r e a s e  th e  pH. A b e n c h -s c a le  s tu d y  was 
conducted  by a d ju s t in g  th e  pH o f th e  w aste  to  2 .2  by a d d i t io n  o f  s u l f u r i c  
a c id .  V a rio u s  chem ical dosages w ere added to  each b e a k e r  w hich c o n ta in e d  
500-ml w a s te  sam ples. The s u p e rn a ta n t  o f  th e  t r e a te d  sam ples w ere a n a ly z e d . 
R e su lts  o f  th e  t e s t s  a r e  p re s e n te d  in  T ab le  A -10. The r e la t io n s h ip  betw een 
th e  o rg a n ic  rem oval e f f ic ie n c y  and ch em ica l dosages i s  p lo t te d  in  F ig . 12.
O ptim al o rg a n ic  rem oval was o b ta in e d  a t  a  pH o f ap p ro x im a te ly  3 w ith  
th e  optimum dosage o f  16 ml (0 .3 2  g / l ) .  T h is  gave COD, TSS, Org-N, and 
O&G re d u c t io n s  of 79, 80 , 51 , and 81 p e r c e n t ,  r e s p e c t iv e ly .
The s u p e rn a ta n t  o b ta in e d  from  ch em ica l p r e c i p i t a t i o n  was n o t c l e a r .  The 
f lo e  was v e r y  la r g e  and f r a g i l e  tended  to  f l o a t .  G e n tle  s t i r r i n g  would b re a k  
up th e  f l o e  c r e a t in g  a  c loudy  e f f l u e n t .
P aper S u l f a te  E s te r  
P a p e r s u l f a t e  e s t e r  was p re p a re d  by u s in g  p ap er a s  a  s t a r t i n g  m a te r ia l  
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20
Figure 12. Efficiency in the Removal of COD by Addition of
Different Amounts of Viscarin 402 Carrageenan.
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agent (103).
The m eat pack ing  w a s te  was t r e a t e d  w ith  10% k r a f t  p ap e r s u l f a t e .  I n i ­
t i a l l y ,  th e  pH o f th e  w a s te  was low ered  to  below  3 .5  w ith  th e  a d d i t i o n  o f  
s u l f u r i c  a c id .  T h is would red u ce  th e  pH o f th e  w a s te  to  o r  below  i t s  i s o ­
e l e c t r i c  p o in t  and enhance e f f i c i e n t  p r o t e i n  p r e c i p i t a t i o n .
R e s u l t s  o f  th e  t e s t  a r e  g iven  i n  T a b le  A -11 . The r e l a t i o n s h i p  betw een 
th e  ch em ica l dosages and th e  e f f i c i e n c y  o f  COD rem oval i s  shown i n  F ig .  13. 
The r e s u l t s  show th a t  th e  b e s t  f lo e  fo rm a tio n  w i th  an  optimum d o sa g e  o f  6 ml 
(0 .0 4  g / l )  f o r  each 500-m l o f  sam ple gave  r e d u c t io n s  o f  COD, TSS, O rg-N , and 
O&G o f  84 , 98 , 65 , and 94 p e r c e n t ,  r e s p e c t i v e l y .  The s e t t l i n g  r a t e  o f  th e  
s o l id s  was p o o r , b u t th e  e f f l u e n t  was f a i r l y  c l e a r .
C h ito sa n
B e n c h -sc a le  t e s t s  w ere  conducted  on  500-m l sam ples o f  m eat p a c k in g  
w aste  t r e a t e d  w ith  0 .5 ,  1 .0 ,  2 .0 ,  and  3 .0  ml o f  a  1% s o lu t io n  o f  c h i to s a n .  
O b se rv a tio n s  o f  f lo e  fo rm a tio n , c o l o r ,  and s e t t l i n g  c h a r a c t e r i s t i c s  w ere 
made. R e s u l t s  o f  th e  ch em ica l a n a ly s e s  on th e  t r e a t e d  e f f lu e n t s  a r e  g iven  
in  T ab le  A -12. The r e l a t i o n s h ip  b e tw een  th e  COD rem oval e f f i c i e n c y  and th e  
chem ical dosage  used  i s  p re s e n te d  i n  F ig .  14.
F lo e  fo rm a tio n  took  p la c e  as so o n  a s  C h ito sa n  was added to  t h e  w aste  
and in c re a s e d  d e n s i ty  o f  f l o e  was o b se rv e d  as  th e  s low  m ix ing  p r o g r e s s e d .
The e f f l u e n t  was c l e a r  and p in k  in  c o l o r .  The f lo c c u la t e d  s o l id s  s e t t l e d  
r a p id ly .  However, upon s t i r r i n g ,  t h e  l a r g e  f l o e  w ould b re a k  i n t o  s m a l le r  
suspended  p a r t i c l e s  and f l o a t .
U nder optimum c o n d i t io n s ,  COD, TSS, Org-N, and O&G rem ovals o f  88 , 99 , 












D o s a g e ,  ml
Figure 13. Efficiency in the Removal of COD by Addition of














Figure 14. Efficiency in the Removal of COD by Addition of
Different Amounts of Chitosan.
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O p tim iz a tio n  S tu d ie s  
These s tu d ie s  w ere d e s ig n e d  to  d e te rm in e  optimum p ro c e s s  e f f i c i e n c y  
and r e l i a b i l i t y  u s in g  th e  e i g h t  d i f f e r e n t  c h e m ic a ls . Optimum e f f i c i e n c i e s  
a r e  dependent upon th e  e f f i c i e n c y  o f chem ica l p r e c i p i t a t i o n  and on s o l i d s -  
l i q u i d  s e p a r a t io n .  P ro cess  r e l i a b i l i t y  o r  s t a b i l i t y  can be  e s tim a te d  from  
s e v e r a l  r e p l i c a t i o n s .
S t a t i s t i c a l  s ig n i f i c a n c e  re q u ire d  th e  t e s t i n g  o f  a t  l e a s t  s ix  sam p les . 
The fo llo w in g  a n a l y s i s  o f e f f i c i e n c y  o f g lu c o se  t r i s u l f a t e  i n  COD rem oval 
i l l u s t r a t e s  th e  d e te rm in a tio n  o f  s u i t a b le  sam ple s i z e :
T a b le  16. COD Removal E f f ic ie n c y  of G lucose 
S tu d y ) .
T r i s u l f a t e (From P re lim in a ry
Sample
I n f lu e n t
mg/1
E f f lu e n t
mg/1 Removal E f f .
1 5 ,5 9 8 1,312 76.56 5,861
1 4 ,0 4 4 1,081 73.27 5,368
1 6 ,121 1,283 79.04 6,247
1 4 ,8 0 2 1,574 67.22 4,519
1 5 ,3 9 6 877 83.75 7,014
1 4 ,5 4 6 1,015 77.67 6,033




Mean, Ÿ = (E Y .)/n  = 457.51 = 76 .25
^ 6
V a r ia n c e , = _ J ^ F e (Y)^ -  (IY )^1
n -1 L  n J
= JL_ |"35 ,402  -  (4 5 7 .5 1 )^ 1 = 31 .22
6 - 1 L 6 J
S tan d a rd  d e v ia t io n ,  a = = / s i .2 2  = 5 .587
C o e f f ic ie n t  o f v a r i a t i o n ,  V = a_ = 5 .587  = 7 .33  p e rc e n t
-  76 .25
The e r r o r  o f th e  mean, E i s  g iven  a s  E = V .t  ------------------ (1)
To d e te rm in e  th e  sam ple s i z e  fo r  t h i s  s tu d y , i t  i s  assum ed th a t  c o e f f i ­
c i e n t  of v a r i a t i o n ,  V, i s  th e  same as th e  p re v io u s  s tu d y , 7 .3 3  p e rc e n t ,  f o r  
a l l  c h e m ic a ls . I f  V i s  based  on a  la rg e  number o f  t e s t s ,  i n  th e  l i m i t  
t  = 1.645 f o r  an i n f i n i t e  number o f d eg ree s  o f freedom ; a t  th e  10 p e rc e n t 
l e v e l  o f s ig n i f i c a n c e .  I t  i s  a l s o  assumed th a t  th e  " e r r o r "  in  th e  e s t im a te d  
p e rc e n t  rem oval e f f i c i e n c i e s  o f  th e  ch em ica l ag e n t i s  n o t to  exceed 5 p e rc e n t  
i n  90 p e rc e n t  o f th e  t e s t s .  E q u a tio n  (1) may be m a n ip u la te d  to  o b ta in
 ^ = 5 .8 2n  = 'V . t ' 2 , n = 0.0733 X 1 .6 4 5 ]
E 0 .0 5
C hem ical E f f ic ie n c y  
Removal e f f i c i e n c i e s  f o r  t o t a l  suspended  s o l i d s ,  o rg a n ic  n it ro g e n  com­
pounds, o i l  and g re a s e , and c h em ica l oxygen demand have been  c a lc u la te d  a s  a 
fu n c t io n  o f  th e  chem ical ad d ed . R e su lts  o f  th e  a n a ly s e s  a r e  p re se n te d  in  
T ab le s  17 th ro u g h  20. L a b o ra to ry  r e s u l t s  on c o n s is te n c y  t e s t s  o f a l l  chem ica ls  
u s in g  optimum dosages a r e  a l s o  p re se n te d  i n  T ab les  A-13 th ro u g h  A-20.
The r e l a t i o n s h i p s  betw een  th e  e f f ic ie n c y  in  rem oval o f COD and Org-N, 
and  the  amount o f  chem ical d o sa g e  used a r e  p lo t t e d  in  F ig s .  15 and 16, re sp e c ­
t i v e l y .  The d iagram s show t h a t  th e  a c id ^ a lk a l i  p ro c e s s  gave th e  lo w es t











H_SO,-NaOH PH 3-5 85 86 84 85 88 83 85 1 .7Z 4 4 98 98 97 99 99 98 98 0 .6Alum d u a l system 5 98 99 98 99 99 98 99 0 .5
6 98 99 97 98 98 97 98 0 .7
F e r r i c  c h lo r id e 4 99 99 98 99 99 98 99 0 .5
5 99 99 98 99 99 99 99 0 .4
6 99 99 98 99 99 98 98 0 .6
L ig n o su lfo n ic  a c id 1 95 97 95 97 98 95 96 1.2
2 98 98 97 98 99 97 98 0 .8
3 99 97 95 97 98 95 97 1 .4
K ra f t  p ap e r s u l f a t e 5 97 97 96 97 98 94 97 1 .4
6 98 98 97 98 99 96 98 1.1
7 97 97 96 98 98 94 97 1.4
Corn sy rup  s u l f a t e 0 .5 97 97 96 98 99 98 97 0 .9
1.0 96 95 95 97 97 97 96 0 .9
1.5 95 93 94 96 97 96 94 1.5
M olasses s u l f a t e 0 .5 94 95 93 94 94 93 94 0 .7
1.0 93 94 91 93 92 93 93 1.0
1.5 91 93 91 92 92 91 92 0 .8
C h ito sa n 0 .5 97 98 97 99 98 98 98 0 .8
1.0 99 99 98 99 99 99 99 0 .5
2 .0 97 98 96 99 99 99 98 1 .0
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H„SO,-NaOH PH 3-5 53 60 54 61 64 60 59 4 .2
2. 4 4 66 67 64 69 69 66 67 2 .2Alum d u a l system 5 67 70 66 73 74 68 70 3 .2
6 66 69 64 72 72 66 68 3 .4
F e r r i c  c h lo r id e 4 69 70 67 72 73 69 70 2 .2
5 71 74 71 77 78 72 74 3 .1
6 68 72 70 71 76 68 71 3 .2
L ig n o su lfo n ic  a c id 1 69 67 65 68 70 64 67 2 .3
2 70 69 67 69 71 65 68 2 .1
3 70 70 67 63 70 63 68 3 .0
K ra f t  p ap e r s u l f a t e 5 63 67 60 6 8 69 65 66 3 .4
6 65 70 69 72 76 73 71 3 .6
7 63 66 67 69 71 68 67 2 .9
Corn sy ru p  s u l f a t e 0 .5 66 68 65 68 72 68 68 2 .4
1.0 60 62 60 63 70 65 63 3 .8
1.5 58 60 58 62 69 63 62 4 .1
M olasses s u l f a t e 0 .5 65 66 63 65 70 64 66 2 .4
1.0 59 60 60 63 67 62 62 2 .9
1.5 57 59 57 60 63 61 60 2 .4
C h ito sa n 0 .5 69 70 65 70 72 69 69 2 .4
1.0 72 74 69 75 78 71 73 3 .1
2 .0 63 72 66 70 72 63 68 4 .0
o\











HgSO^-NaOH PH 3-5 81 82 77 80 81 79 80 1 .8
Alum d u a l system 5 96 97 94 95 96 95 96 0 .9
F e r r i c  c h lo r id e 5 96 97 95 95 96 96 95 0 .9
L ig n o su lfo n ic  a c id 2 94 94 92 94 95 94 94 0 .8
K ra f t  p ap e r s u l f a t e 6 94 94 90 93 94 92 93 1.5
Corn sy rup  s u l f a t e 0 .5 94 95 92 93 93 93 94 1.1
M olasses s u l f a t e 0 .5 89 91 89 92 94 89 91 2 .1
C h ito san 1.0 96 98 94 97 97 95 97 1 .6
ON00











H„SO,-N OH 2 4 a PH 3-5 77 80 74 80 78 77 78 2 .3
Alum d u a l System 4 83 87 80 85 87 85 84 2 .7
5 85 87 84 90 88 96 87 2 .2
6 84 87 79 89 88 85 85 3 .6
F e r r i c  c h lo r id e 4 87 87 82 90 86 87 87 2 .6
5 87 84 82 92 88 88 88 2 .3
6 86 89 82 91 86 86 87 3 .1
L ig n o su lfo n ic  a c id 1 79 80 73 79 80 81 79 2 .9
2 81 81 78 83 82 83 82 1.9
3 82 81 72 82 81 81 80 3 .9
K ra f t  p ap e r s u l f a t e 5 82 75 70 81 79 76 77 4 .5
6 84 78 74 84 82 79 80 3 .9
7 83 77 73 83 81 77 79 4 .0
Corn sy rup  s u l f a t e 0 .5 80 80 75 84 75 81 79 3 .5
1 .0 79 77 74 84 74 78 78 3 .9
1 .5 78 76 73 81 74 78 77 3 .2
M olasses s u l f a t e 0 .5 76 80 75 84 77 75 78 3 .6
1.0 72 77 75 83 75 74 76 3 .6
1.5 69 75 73 81 72 73 74 4 .0
C h ito sa n 0 .5 86 85 78 88 85 85 85 3 .4
1.0 88 87 80 91 86 86 86 3 .6
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Chemical addition, ml
F ig u re  15. E f f ic ie n c y  in  th e  Removal o f  COD by A d d itio n  o f  D if ­
f e r e n t  Amounts o f  C hem icals. 1 . S u lfu r ic  A cid and 
Sodium H ydrox ide , 2 . M olasses S u l f a te ,  3 . Corn Syrup 
S u l f a te ,  4 . K ra f t  P aper S u l f a t e ,  5 . L ig n o su lfo n ic  
A cid , 6 . C h ito sa n , 7 . Alum D ual System , 8 . F e r r ic  
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Chemical addition, m l .
F ig u re  16. E f f ic ie n c y  in  th e  Removal o f Org-N by A d d itio n  of 
D if f e r e n t  Amounts o f  C hem ica ls. 1. S u l f u r ic  Acid 
and Sodium H y d ro x id e , 2 . M o lasses S u l f a te ,  3 . Corn 
Syrup S u l f a t e ,  4 . L ig n o su lfo n ic  A c id , 5. K r a f t  
P ap er S u l f a t e ,  6 .  Alum D ual S ystem , 7 . F e r r i c  Chlo­
r i d e  Dual S ystem . 8 . C h ito sa n .
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e f f ic ie n c y  in  rem oval o f  o rg a n ic  m a t te r .  The d u a l  sy s tem s , a c id - a lk a l i - a lu m  
and a c id - a lk a l i - F e C lg ,  gave  about th e  same o rg a n ic  m a tte r  rem oval e f f ic ie n c y  
r e g a r d le s s  o f  th e  amount o f  chem ical u sed  above t h e i r  optimum d o sa g e s .
The am ounts o f  s o l id s  produced from  th e  ch em ica l com plexing r e a c t io n  
de te rm in ed  th e  e f f e c t iv e n e s s  o f th e  ch em ica l. The h ig h e r  c o n c e n tra t io n  o f 
th e  s o l id s  in d ic a te d  th e  b e t t e r  perfo rm ance  o f  th e  ch em ica l. The e f f e c t i v e ­
n e s se s  o f  a l l  th e  ch em ica ls  te s t e d  a r e  p re s e n te d  i n  T ab le  21.
T able 21. E f f e c t iv e n e s s e s  o f  th e  C hem icals







K ra f t p ap e r s u l f a t e 2640 645 1
F e r r ic  c h lo r id e  d u a l sy stem 2580 585 2
L ig n o su lfo n ic  a c id 2415 420 3
C h ito san 2385 390 4
Alum d u a l system 2350 355 5
M olasses s u l f a t e 2280 285 6
Corn Syrup s u l f a t e 2245 250 7
HgSO^ -NaOH 2100 105 8
N ote: TSS o f  th e  raw w a s te  i s  1995 mg/1.
A ccord ing  to  th e  d a ta  g iven  i n  th e  ta b le s  above and re fe re n c e d  i n  F ig s . 
15 and 16, th e  fo llo w in g  d e d u c tio n s  w ere made:
1. C h ito sa n , aluminum s u l f a t e  d u a l  sy stem s, and f e r r i c  c h lo r id e  d u a l 
system  gave th e  h ig h e s t  e f f ic ie n c y  i n  th e  rem oval o f  COD, fo llo w ed  by l ig n o ­
s u lf o n ic  a c id ,  k r a f t  p a p e r  s u l f a t e ,  co rn  syrup  s u l f a t e ,  m olasses s u l f a t e ,  
and s u l f u r i c  ac id -so d iu m  h y d ro x id e , r e s p e c t iv e ly .
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2. O rg an ic  n i t r o g e n  compounds w ere  removed m ore e f f e c t iv e l y  by 
c h i to s a n  and  th e  f e r r i c  c h lo r id e  d u a l  sy stem . The e f f ic ie n c y  d e c re a s e s  in  
th e  fo l lo w in g  o rd e r :  f e r r i c  c h lo r id e  d u a l  sy stem , c h i to s a n ,  alum  d u a l system , 
k r a f t  p a p e r  s u l f a t e ,  l i g n o s u l f o n ic  a c i d ,  corn  sy ru p  s u l f a t e ,  m o la s se s  s u l ­
f a t e ,  and s u l f u r i c  a c id -so d iu m  h y d ro x id e .
3. A l l  th e  ch em ica ls  i n v e s t i g a t e d  removed g r e a t e r  than  90 and 93 p e r ­
c e n t o f  o i l  and g re a se  and s o l i d s ,  w i th  th e  e x c e p tio n  o f th e  a c i d - a l k a l i
system  w h ich  removed 80 and 85 p e r c e n t  o f  o i l  and g re a s e  and s o l i d s ,  r e ­
s p e c t iv e ly .
4 . F e r r i c  c h lo r id e  was more s u c c e s s f u l  in  th e  o v e r a l l  rem oval o f  
o rg a n ic  m a t te r  th a n  aluminum s u l f a t e .
5 . S ta n d a rd  d e v ia t io n  v a lu e s  on th e  rem oval e f f i c i e n c i e s  o f  a l l  th e  
ch em ica ls  w ere  sm a ll (4 .1 5  and b e lo w ). T h is  i n d i c a t e s  h igh  p ro c e s s  
r e l i a b i l i t y .
R ecovery  o f  th e  P ro te in a c e o u s  S lu d g e
T h ree  d ew a te rin g  p ro c e s s e s ,  i . e . ,  s e d im e n ta t io n ,  f l o t a t i o n ,  and c e n t r i ­
fu g a tio n  w hich  can be  u sed  f o r  s o l i d s - l i q u i d  s e p a r a t io n  were s tu d ie d .  Re­
s u l t s  o f  th e s e  s tu d ie s  f o r  each  p ro c e s s  a r e  p re s e n te d  below.
S e d im e n ta tio n
I t  w as assumed t h a t  th e  f l o e  w h ich  r e s u l t e d  from  th e  ch em ica l tre a tm e n t 
d id  n o t  in c r e a s e  in  s i z e  a s  i t  s e t t l e d  o u t o f a su sp e n s io n  o f  th e  t r e a t e d  
w a s te . T h is  ty p e  o f  s e t t l i n g  was i d e n t i f i e d  as  c l a s s - 1  c l a r i f i c a t i o n .
S e t t l i n g  a n a ly s i s  was p erfo rm ed  by add ing  th e  t r e a te d  e f f l u e n t  to  th e  
s e t t l i n g  column as  shown in  F ig .  1 . As s o l id s  s e t t l e d ,  sam ples o f  l i q u id  
w ere draw n o f f  a t  a f ix e d  sam p lin g  d e p th  o f  2 .35  f e e t  below th e  to p  o f  th e  
column a t  10 and 20 m in u te  i n t e r v a l s  up to  a p e r io d  o f  2 h o u rs . The sam ples
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w ere a n a ly z e d  fo r  t h e i r  suspended s o l id  c o n c e n tr a t io n s .
S e t t l i n g  v e l o c i ty  a t  d i f f e r e n t  tim e  i n t e r v a l s  w ere c a l c u l a t e d .  R e s u lts  
and la b o ra to r y  d a ta  o f  th e  s e t t l i n g  a n a ly s i s  f o r  a l l  ch em ica ls  a r e  com piled 
in  T a b le s  A-21 th ro u g h  A-27. S e t t l i n g  v e lo c i ty  a n a ly s i s  c u rv e s  f o r  a l l  
c h em ica ls  w ere p l o t t e d  as shown i n  F ig . 17 th ro u g h  F ig . 23.
In  o rd e r  to  e v a lu a te  th e  perfo rm an ces o f  th e  chem ica ls  t e s t e d ,  two c l a r i -
3 2 3 2f i c a t i o n  r a t e s  o f 0 .1 3  f t  /m i n / f t  and 0 .07  f t  /m in / f t  w ere c h o se n . Over­
a l l  rem oval e f f i c i e n c i e s  w ere d e te rm in e d . R e s u l ts  o f  th e  c a l c u l a t i o n s  and 
g r a p h ic a l  i n t e g r a t i o n  o f  th e  s e t t l i n g - a n a l y s i s  cu rv es  a re  sum m arized in  
T able 22 .
T ab le  22 . E f f ic ie n c y  in  S o lid  Removal a t  D i f f e r e n t  C l a r i f i c a t i o n  R ates
% E f f ic ie n c y  in  S o l id  Removal 
a t  C l a r i f i c a t i o n  R a te s
unem icai
0 .13  f t ^ /m in / f t ^ 0 .0 7  f t ^ /m in / f t ^
Alum d u a l  system 72 .25 98 .33
F e r r i c  c h lo r id e  d u a l system 80 .32 96 .10
L ig n o su lfo n ic  a c id 5 7 .0 0 80 .4 0
K ra f t  p a p e r  s u l f a t e 4 0 .3 7 60 .59
Corn Syrup s u l f a t e 5 5 .0 8 84 .92
M o lasses s u l f a t e 5 3 .0 4 78 .49
S u lf u r ic  ac id -so d iu m h y d ro x id e 3 0 .3 4 50 .53
I t  was a p p a re n t t h a t  d e w a te rin g  o f  th e  s lu d g e  by a s e d im e n ta t io n  p ro c e s s  
cou ld  b e  u t i l i z e d  b e s t  fo r  th e  alum  and f e r r i c  c h lo r id e  d u a l sy s te m s , r e s u l t -
in g  in  a  rem oval o f  s o l id s  g r e a t e r  th a n  96 p e r c e n t .  E f f ic ie n c y  i n  rem oval
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F ig u re  17 . S e t t l i n g - v e lo c i t y  A n a ly s is  Curve fo r  S u l f u r ic  






















4 12 2 0 248 16
F ig u re  18. S e t t l i n g - v e l o c i t y  A n a ly s is  Curve f o r  Alum 












248 1 2 204
““2
VpXlO-  ^ f pm
F ig u re  19- S e t t l i n g - v e lo c i t y  A n a ly s is  Curve f o r  Fe% ricui 
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F ig u re  2 0 . S e t t l i n g - v e lo c i t y  A n a ly s is  Curve f o r  L ig n o s u l­


















8 12 16 20 244
^ 2





















VpXlÔ^,  f p m






















a4 12 16 20 24
-2
_VpXlO_
Fxgure 23 . S e t t l i n g - v e l o c i t y  A n a ly s is  Curve f o r  M olasses 
S u l f a t e .
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fo llo w in g  o rd e r  : alum d u a l sy stem  (98 p e r c e n t ) , f e r r i c  c h lo r id e  d u a l system
(96 p e r c e n t ) , c o rn  syrup s u l f a t e  (85 p e r c e n t ) , l i g n o s u l f o n ic  a c id  (80 p e r ­
c e n t ) ,  m o lasse s  s u l f a t e  (78 p e r c e n t ) ,  and k r a f t  p ap e r s u l f a t e  (61 p e r c e n t ) .
3 2E f f ic ie n c y  i n  rem oval o f s o l id s  a t  a  c l a r i f i c a t i o n  r a t e  o f  0 .1 3  f t  /m in / f t  
d e c re a s e s  in  th e  fo llo w in g  o r d e r :  f e r r i c  c h lo r id e  d u a l sy s tem  (80 p e r c e n t ) ,
alum d u a l system  (72 p e r c e n t ) , co rn  syrup  s u l f a t e  (65 p e r c e n t ) , l i g n o s u l ­
fo n ic  a c id  (57 p e r c e n t ) , m o la sse s  s u l f a t e  (53 p e r c e n t ) , and  k r a f t  p ap er 
s u l f a t e  (40 p e r c e n t ) .
S e t t l i n g  t e s t s  fo r  c h i to s a n  were u n s u c c e s s fu l .  T h is  was due to  th e  
f a c t  t h a t  th e  c h i to s a n  f lo e  was la rg e ,  f r a g i l e ,  and o f  low d e n s i ty .  T hese 
p a r t i c l e s  s e t t l e d  a f t e r  f lo c c u la t io n  was com ple ted , b u t once th e  t r e a te d  
w aste  was d is tu r b e d ,  th e  f lo e  would f l o a t  to  th e  s u r fa c e  and th e n  showed 
l i t t l e  tendency  to  s e t t l e .
F lo ta t io n
A la b o ra to r y  b e n c h -sc a le  t e s t  p ro c e d u re , developed  to  s im u la te  th e  d i s ­
so lv e d  a i r  f l o t a t i o n  p ro c e s s ,  was used to  d e te rm in e  s lu d g e  rem oval e f f ic ie n c y .  
The la b o ra to ry  a i r  f l o t a t i o n  u n i t  i s  i l l u s t r a t e d  in  F ig . 3 .
R e s u lts  and la b o ra to ry  d a ta  o f th e  f l o t a t i o n  t e s t s  f o r  a l l  ch em ica ls  in  
q u e s t io n  a r e  p re s e n te d  in  T ab le  23. The r e l a t i o n s h ip s  betw een  th e  a i r / s o l i d s  
r a t i o s  and f l o a t - s o l i d s  c o n c e n tr a t io n ,  and e f f lu e n t  suspended  s o l id s  w ere 
p lo t t e d  as i l l u s t r a t e d  in  F ig .  24 and F ig .  25, r e s p e c t iv e ly .
I t  was e v id e n t  t h a t  optimum rem oval o f  s o l id s  f o r  a l l  chem ica ls  was 
a ch iev ed  w ith in  an  a i r - t o - s o l i d s  r a t i o  ra n g e  o f 0 .0 2 0  to  0 .0 2 6 . The optimum 
a i r - t o - s o l i d s  r a t i o  was d e te rm in ed  by com paring th e  two a i r - t o - s o l i d s  r a t i o s  
w hich gave th e  h ig h e s t  s o l id s  rem oval e f f i c i e n c y .  F or exam ple, th e  s o l id s  
rem oval e f f i c i e n c y  o f  c h i to s a n  was 95.13 p e rc e n t  a t  an  a i r - t o - s o l i d s  r a t i o
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Table 23. Results of the Air Flotation Tests
Chem ical E f f lu e n t
mg/ 1
TSS
R ed u c tio n
%
S o lid  in  
S ludge
%
A ir /S o l id  
R a tio
C h ito san 1 2 0 93 .8 5 9 .5 3 0 .0080
95 9 5 .1 3 12.77 0 .0156
80 9 5 .9 0 14.40 0 .0230
M olasses s u l f a t e 474 74.79 1 1 . 0 0 0 .0080
300 84 .0 4 13.30 0 .0160
260 8 6 .1 7 15.00 0 .0240
Corn sy rup  s u l f a t e 561 6 7 .0 4 15.50 0.0090
385 78 .00 16.54 0 .0173
260 85 .1 4 17.30 0.0260
L ig n o su lfo n ic  a c id 405 79.95 11.82 0 .0080
246 87 .8 2 12.72 0 .0150
216 89 .3 1 13.20 0 .0230
K ra f t  p ap e r s u l f a t e 560 75 .00 1 2 . 1 0 0.0070
380 83 .0 4 13.20 0.0140
286 8 7 .2 3 14.20 0 . 0 2 0 0
F e r r i c  c h lo r id e 395 8 0 .6 4 11.38 0.0070
d u a l system 264 87 .0 6 15.50 0 .0150
230 8 8 .7 3 17.96 0 . 0 2 2 0
Alum d u a l system 426 77 .5 8 11.54 0 .0080
280 85 .2 6 15.60 0 .0160
230 87 .89 17.60 0 .0240
N ote; The c o n c e n tr a t io n  o f  suspended s o l i d s  in  th e  t r e a t e d  w as te s  o f c h i to s a n ,  
m o la sse s  s u l f a t e ,  co rn  syrup  s u l f a t e ,  l i g n o s u l f o n ic  a c id ,  ca rd  b o ard  
p a p e r  s u l f a t e ,  f e r r i c  c h lo r id e  d u a l  sy stem  and alum  d u a l system  a re  
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R e la t io n s h ip  Between A ir /S o l id s  R a t io  and F lo a t -  
S o lid s  C o n c e n tra tio n . 1. C h ito s a n , 2 . M olasses 
S u l f a te ,  3 . Corn Syrup S u l f a t e ,  4 . L ig n o su lfo n ic  
a c id ,  5. K ra f t  P ap er S u l f a t e ,  6 . F e r r i e  C h lo rid e  
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F ig u re  25. R e la t io n s h ip  Between A ir /S o l id s  R a t io  and E f f lu e n t
Suspended S o l id s .  1. C h ito sa n , 2 . M olasses S u l f a t e ,  
3 . Corn Syrup S u l f a t e ,  4 . L ig n o su lfo n ic  A cid , 5.
K ra f t P aper S u l f a t e ,  6 . F e r r ic  C h lo r id e  Dual System , 
7. Alum Dual System .
y8 6
o f 0 .0 1 5 6 . By in c r e a s in g  th e  a i r - t o - s o l i d s  r a t i o  to  0 .0 2 3 , 95 .9 0  p e rc e n t  o f  
th e  s o l i d s  was removed. The d i f f e r e n c e  in  th e  e f f i c i e n c y  o f s o l i d s  rem oval 
was l e s s  th a n  1  p e r c e n t ,  w h ile  th e  d i f f e r e n c e  f o r  f l o a t  s o l id s  c o n c e n tr a t io n  
was a p p ro x im a te ly  1.6 p e r c e n t .  T h is  n e g l ig ib l e  in c r e a s e  does n o t  w a rra n t 
in c r e a s in g  th e  a i r - t o - s o l i d s  r a t i o  beyond th e  optimum v a lu e  (0 .0 1 5 6 ) .
The s o l id s  rem oval e f f i c i e n c y  ran g ed  from 85-89 p e rc e n t f o r  a l l  chem ica ls  
ex ce p t f o r  c h i to s a n  w hich  o b ta in e d  a b o u t 96 p e rc e n t  rem oval. T h is  in d ic a te s  
t h a t  th e  d is s o lv e d  a i r  f l o t a t i o n  p ro c e s s  cou ld  b e  u t i l i z e d  b e s t  i n  d ew ate rin g  
th e  s lu d g e  w hich r e s u l t e d  from  t r e a tm e n t  w ith  c h i to s a n .  E f f ic ie n c y  in  rem oval 
o f s o l id s  d e c re a se s  in  th e  fo llo w in g  o r d e r :  c h i to s a n  (96 p e r c e n t ) ,  l ig n o ­
s u l f o n ic  a c id  (89 p e r c e n t ) , f e r r i c  c h lo r id e  d u a l sy stem  (89 p e r c e n t ) , alum 
d u a l sy s te m  ( 8 8  p e r c e n t ) ,  k r a f t  p a p e r  s u l f a t e  (87 p e r c e n t ) ,  m o la s se s  s u l ­
f a t e  ( 8 6  p e r c e n t ) , and c o rn  syrup  s u l f a t e  (85 p e r c e n t ) .
C e n t r i f u g a t io n
A l i t e r a t u r e  s e a rc h  r e v e a le d  t h a t  th e  p r e c i p i t a t e d  p r o te in s  c o u ld  be su c ­
c e s s f u l l y  re c o v e re d  by c e n t r i f u g a t i o n .  L a b o ra to ry  b e n c h -s c a le  t e s t s  were 
c a r r i e d  o u t to  d e te rm in e  th e  optimum e f f i c i e n c y  in  th e  rem oval o f  th e  p ro ­
te in a c e o u s  s o l id s  from th e  t r e a te d  e f f l u e n t s .
F o r ty  m i l l i l i t e r s  o f  th e  t r e a t e d  w as te  was c e n t r i f u g e d  a t  3 ,0 0 0 -5 ,0 0 0  
rpm f o r  3 0 , 60 , 90 , and 120 second i n t e r v a l s .  A f te r  c e n t r i f u g a t io n ,  th e  c l e a r  
s u p e m a te  was drawn o f f  f o r  s o l id s  a n a l y s i s .  The cake o r  s e t t l e d  f r a c t i o n  
f irm n e ss  was checked w ith  a  1 / 8 " t h i c k  g la s s  s t i r r i n g  rod  abo u t 6  in c h e s  lo n g . 
The r e l a t i o n s h i p  betw een  th e  tim e o f  c e n t r i f u g a t io n  and th e  e f f i c i e n c y  in  th e  
rem oval o f  s o l id s  a t  d i f f e r e n t  sp eed s  f o r  a l l  ch em ica ls  a re  p l o t t e d  in  -Figs .
26 th ro u g h  32. R e s u lts  o f  th e  t e s t s  a r e  g iv en  i n  T ab le  24.
It was seen that the optimum efficiencies in the removal of solids were
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Table 24. Results of the Centrifugation Tests.
Chem ical R eten sio n






C h ito san 30 85 87 87 274 235 239
60 90 95 95 179 98 92
90 94 97 97 1 1 2 58 59
1 2 0 96 96 97 83 6 8 61
Alum Dual 30 85 89 8 8 286 214 229
System 60 91 92 94 170 151 1 2 2
90 93 95 95 134 97 97
1 2 0 95 97 97 1 0 0 59 65
F e r r ic 30 8 6 90 89 266 2 0 1 213
C h lo rid e 60 93 97 97 131 60 59
D ual System 90 95 98 98 107 33 33
1 2 0 96 99 99 72 27 29
L ig n o su l­ 30 83 87 96 371 281 298
fo n ic  a c id 60 8 8 92 93 265 168 157
90 90 93 94 2 2 0 152 127
1 2 0 91 95 95 189 106 106
K ra ft 30 81 87 87 348 240 237
P aper s u l ­ 60 8 8 91 90 219 155 182
f a te 90 90 93 94 178 130 113
1 2 0 92 94 94 144 1 1 0 114
Corn Syrup 30 82 8 8 8 6 339 233 263
S u lf a te 60 8 8 94 94 2 2 2 1 2 0 113
90 91 95 94 171 1 0 0 109
1 2 0 94 95 96 1 2 2 90 83
M olasses 30 80 8 6 8 6 354 251 247
S u lf a te 60 89 92 93 194 136 132
90 91 94 94 165 1 1 2 114
1 2 0 93 95 94 134 91 108
N ote: The c o n c e n tra t io n  o f  suspended  s o l id s  in  th e  t r e a t e d  w a s te s  o f  c h i to s a n ,  
alum  d u a l sy stem , f e r r i c ,  l ig n o s u l f o n ic  a c id ,  k r a f t  p ap e r s u l f a t e ,  
co rn  syrup s u l f a t e ,  and m o lasses  s u l f a t e  a r e  1840, 1905, 1940, 2120, 1820, 
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T im e ,  s e c ,
-E ig u re -26.- R e la t io n s h ip  betw een  C e n t r i f u g a l  Time and E f f ic ie n c y  
in  Removal o f S o l id s  a t  D i f f e r e n t  Speeds f o r  C h ito sa n .
89
100
5 0 0 0  rpm
9 5
>






Ti me,  s e c .
F ig u re  27. R e la t io n s h ip  betw een  C e n t r i f u g a l  TLme and E f f ic ie n c y  
i n  Removal o f  S o l id s  a t  D i f f e r e n t  Speeds f o r  Alum 
D ual System .
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T im e ,  s e c .
F ig u re  2 8 .. R e la t io n s h ip  betw een C e n t r i f u g a l  Time and E f f ic ie n c y  
in  Removal o f  S o lid s  a t  D i f f e r e n t  S peeds f o r  F e r r i c  












Ti m e ,  s e c .
Figure 29. Relationship between Centrifugal Time and Efficiency
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Figure 30. Relationship between Centrifugal Time and Efficiency
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Ti m e ,  s e c .
Figure 31.. Relationship between Centrifugal Time and Efficiency
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T i m e ,  s e c .
F ig u re  32. R e la t io n s h ip  betw een  C e n t r i f u g a l  Time and E f f ic ie n c y  
in  Removal o f  S o lid s  a t  D i f f e r e n t  Speeds f o r  M olasses 
S u lf a te .
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a t t a in e d  a t  4 ,0 0 0  rpm w ith  a r e t e n t io n  tim e  o f 90-120 seconds f o r  a l l  chem i­
c a l s .  The optimum e f f ic ie n c y  i n  th e  rem oval o f  s o l id s  was d e te rm in e d  by com­
p a r in g  th e  h ig h e s t  e f f i c i e n c i e s  a t  two r o t a t i o n a l  speeds and r e t e n t i o n  t im e s .  
G e n e ra lly ,  in c r e a s in g  th e  r o t a t i o n a l  speed o r  r e t e n t io n  tim e  g r e a t ly  i n ­
c r e a s e s  th e  e f f i c i e n c y  o f  s o l id s  rem oval. The optimum speed  and  r e t e n t i o n  
tim e w ere d e te rm in e d  by s e l e c t i n g  th e  speed  and  r e te n t io n  tim e  above w hich  
an in c re a s e  i n  s o l id s  rem oval e f f i c i e n c y  w ith  an  in c re a s e  i n  sp eed  o r  tim e  
was n e g l ig ib l e .
A h igh  e f f i c i e n c y  i n  rem oval o f  s o l id s  (94 -98  p e rc e n t)  by th e  c e n t r i f u ­
g a t io n  p ro c e s s  was a t t a in e d .  T h is  in d ic a te d  t h a t  c e n t r i f u g a t io n  co u ld  b e  
u t i l i z e d  s u c c e s s f u l ly  in  d e w a te rin g  th e  s lu d g e  w hich r e s u l t e d  from  a l l  o f  
th e  chem ica l t r e a tm e n ts .  E f f ic ie n c y  in  rem o v a l o f  s o l id s  d e c re a s e s  i n  th e  
fo llo w in g  o r d e r ;  F e r r ic  c h lo r id e  d u a l sy stem  (99 p e r c e n t ) ,  alum  d u a l sy stem  
(97 p e r c e n t ) ,  c h i to s a n  (97 p e r c e n t ) ,  co rn  sy ru p  s u l f a t e  (95 p e r c e n t ) ,  l i g n o ­
s u l f o n ic  a c id  (95 p e r c e n t ) ,  k r a f t  pap er s u l f a t e  (94 p e r c e n t ) ,  and m o lasse s  
s u l f a t e  (94 p e r c e n t ) .
S e le c t io n  o f  th e  P ro te in a c e o u s  S ludge R ecovery P ro c e ss
The e f f i c i e n c y  in  th e  rem oval o f  s o l i d s  from  th e  t r e a t e d  w as te  by means 
o f s e d im e n ta t io n ,  a i r  f l o t a t i o n ,  and c e n t r i f u g a t io n  p ro c e s s e s  a r e  sum m arized 
in  T ab le  25. I n  T ab le  26 a r e  l i s t e d  th e  s o l i d s - l i q u i d  s e p a r a t io n  p ro c e s s e s  
t e s t e d  fo r  eac h  ch em ica l. The s e le c t io n  o f  th e  optimum p ro c e s s  fo r  each  
chem ica l was b ased  on th e  optimum e f f i c i e n c y  and th e  economy o f  each  p ro c e s s .  
I t  was assumed t h a t  th e  c e n t r i f u g a t io n  p ro c e s s  had  th e  h ig h e s t  c o s t  o f  t r e a t ­
m en t, fo llo w ed  by d is s o lv e d  a i r  f l o t a t i o n ,  and s e d im e n ta tio n .
A p p lc ia t io n  as Feed
I
I t  i s  e s s e n t i a l  f o r  t h i s  sy stem  to  b e  eco n o m ica lly  f e a s i b l e  t h a t  th e
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Table 25. Efficiency of the Sludge Recovery Processes,
E f f ic ie n c y  in  Removal o f  S o lid s  (%)
S ed im en ta tio n A ir  F lo t a t i o n C e n tr i f u g a t io n
Alum d u a l system (98) C h ito sa n (96) F e r r i c  c h lo r id e  
d u a l system
(99)
F e r r i c  c h lo r id e  
d u a l  system
(96) L ig n o su lfo n ic
a c id
(89) Alum d u a l  system (97)
Corn syrup  
s u l f a t e
(85) F e r r i c  c h lo r id e  
d u a l system
(89) C h ito sa n (97)
L ig n o su lfo n ic
a c id
(80) Alum d u a l system ( 8 8 ) Corn sy rup  
s u l f a t e
(95)
M olasses s u l f a t e (78) K ra f t  p ap e r 
s u l f a t e
(87) L ig n o su lfo n ic
a c id
(95)
K r a f t  p ap e r 
s u l f a t e
(61) M olasses s u l f a t e ( 8 6 ) M olasses s u l f a t e (95)
S u l f u r ic  a c id -  
sodium  h y d ro x id e
(51) Corn sy rup  
s u l f a t e
(85) K ra f t  p ap e r 
s u l f a t e
(94)
T ab le  26. S e le c t io n  o f  S ludge R ecovery P ro c e s s e s  f o r  Chem ical T rea tm e n ts .
Chem ical
P ro c e ss  Recommended
1 s t  c h o ic e 2 nd c h o ic e
K r a f t  p ap e r s u l f a t e  
F e r r i c  c h lo r id e  d u a l system  
L ig n o su lfo n ic  a c id  
C h ito sa n
Alum d u a l system  
M o lasses s u l f a t e  
Corn sy rup  s u l f a t e
c e n t r i f u g a t io n ,
c e n t r i f u g a t io n ,
c e n t r i f u g a t io n ,
a i r  f l o t a t i o n ,
s e d im e n ta t io n ,
c e n t r i f u g a t io n ,
c e n t r i f u g a t i o n ,
a i r  f l o t a t i o n
s e d im e n ta t io n
a i r  f l o t a t i o n
c e n t r i f u g a t io n
c e n t r i f u g a t io n
a i r  f l o t a t i o n
s e d im e n ta t io n
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p ro te in a c e o u s  s o l id s  re c o v e re d  from  th e  p ro c e s s  be b len d ed  w ith  a n im a l fe e d . 
The c o n c e n tra t io n  le v e l s  o f  p r o te in s  i n  th e  s lu d g e s  o b ta in e d  from  d i f f e r e n t  
chem ica l p ro c e s se s  a r e  shown i n  T ab le  27.
T ab le  27. C o n c e n tra tio n  o f  P r o te in s  i n  th e  R ecovered S ludges
Chem ical
P r o te in  (N x  6 .2 5 ) 
mg/ 1
HgSO^ -NaOH 531.44
Aluminum s u l f a t e  d u a l sy stem 631.06
F e r r ic  c h lo r id e  d u a l system 668.38
L ig n o su lfo n ic  a c id 620.88
K ra f t  pap er s u l f a t e 655.00
Corn Syrup s u l f a t e 628.00
M olasses s u l f a t e 581.19
C h ito sa n 705.25
A h ig h  c o n c e n tr a t io n  o f  p r o te in  ( g r e a t e r  th a n  531 m g/1) can  b e  re c o v e re d . 
T h is  p r o te in  i s  ex p ec ted  to  have  a  h ig h  b io l o g ic a l  v a lu e  and can  b e  u t i l i z e d  
a s  a supp lem en tary  fe e d  f o r  a n im a ls . H owever, in  o rd e r  f o r  th e  r e c o v e re d  
p ro te in a c e o u s  s o l id s  to  be  p ro c e s se d  in to  an im a l fe e d s ,  i t  i s  n e c e s s a r y  to  
o b ta in  ap p ro v a l from Food and Drug A d m in is t r a t io n .  At th e  tim e  o f  t h i s  
r e s e a r c h ,  on ly  th e  s lu d g e  r e s u l t i n g  from  th e  l ig n o s u l f o n ic  a c id  t r e a tm e n t  
had been  approved as  an im al fe e d  from  th e  FDA.
B ecause o n ly  sm a ll am ounts o f th e  c h e m ic a ls  w ere u sed  f o r  p r e c i p i t a t i n g  
th e  p r o te in  from  th e  w a s te w a te r , i n s i g n i f i c a n t  c o n c e n tra t io n  o f  th e  p r e c ip ­
i t a t i n g  chem ica l was ex p ec ted  to  b e  i n  th e  re c o v e re d  s lu d g e . F or ex am p le , 
r e s u l t s  o f  th e  ch em ica l a n a ly s e s  on I gm o f  alum and f e r r i c  c h lo r id e  s lu d g e s  
r e s u l t e d  in  o n ly  9 .08  mg/1 o f  aluminum (A l) , and 24.97 mg/1 o r  i r o n  (F e) .
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The e x te n t  o f  th e  t o x i c i t y  o f th e  reco v e re d  s lu d g e  i s  n o t known. The 
s lu d g e  may c o n ta in  to x ic  su b s ta n c e s  c a u s in g  a d v e rse  e f f e c t s  on a n im a ls  th a t  
a r e  fed  s lu d g e . In  o rd e r  to  u t i l i z e  th e  s lu d g e  a s  an im al f e e d ,  a s tu d y  o f 
i t s  b io lo g ic a l  v a lu e  i s  e s s e n t i a l .  A d d it io n a l  i n v e s t ig a t io n s  d e te rm in in g  th e  
p h y s io lo g ic a l  e f f e c t s  o f  th e  s o l id s  on an im a ls  a r e  needed to  in s u re  a  s a fe  
v a lu a b le  p ro d u c t .
Economics o f  th e  P ro te in  P r e c i p i t a t i o n  P ro cess
The a n a l y s i s  o f th e  econom ics o f  th e  p ro c e s se s  i s  based  on th e  tre a tm e n t 
o f  a r e p r e s e n t a t iv e  one m i l l io n  g a l lo n s  o f  w aste  w a te r  p e r  day . I t  i s  based  
upon th e  c o s t  o f  th e  ch e m ic a ls  b u t th e  v a lu e  o f re c o v e re d  p ro d u c ts  and r e ­
d u c tio n  in  w a s te  tr e a tm e n t c o s t  does n o t  in c lu d e  o p e ra t io n  and m a in tenance  
o r  c a p i t a l  c o s t s .
Com parison o f  th e  ch em ica l c o s ts  f o r  t r e a t i n g  one m i l l io n  g a l lo n s  o f 
m eat pack ing  w a s te w a te r  i s  p re se n te d  i n  T ab le  28. The r e s u l t s  o f assum ing 
a  s a le  p r i c e  o f  $150 p e r  to n  f o r  p r o t e i n ,  and a su rc h a rg e  o f  $40 p e r  thousand  
pounds o f COD removed a r e  shown in  T ab le  29.
The p r o f i t  r e s u l t i n g  from  b y -p ro d u c t reco v e ry  p ro c e s s e s  d e c re a se  in  th e  
fo llo w in g  o r d e r :  f e r r i c  c h lo r id e  d u a l sy stem , alum  d u a l sy stem , m o lasse s  s u l ­
f a t e ,  co rn  sy ru p  s u l f a t e ,  s u l f u r i c  ac id -so d iu m  h y d ro x id e , c h i to s a n ,  l i g n o s u l ­
fo n ic  a c id ,  and k r a f t  p a p e r s u l f a t e .
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Table 28. Comparision of Chemical Costs
Chem ical Optimum Dosage 
g / l
P r ic e
$/ ton
C hem ical Cost 
$ /m il g a i
HgSO^-NaOH 72.74
H2 SO4 0 .1 8 46 .85 3 5 .19
NaOH 0.0 6 150.00 37.55
Alum-HgSO^-NaOH 133.16
Alum 0 . 2 0 70 .00 5 8 .42
H2 SO4 0 .1 8 46 .85 35 .19
NaOH 0 .0 6 150.00 37 .55
FeCl„-H„SO,-NaOH 3 9 4 147.85
FeClg 0 . 2 0 90 .00 75 .11
H2 SO4 0 .1 8 46 .85 35 .19
NaOH 0.0 6 150.00 37 .55
L ig n o su lfo n ic  a c id 422 .45
LSA 0 .6 0 150.00 375.53
H2 SO4 0 .24 46 .85 4 6 .92
K ra f t  p a p e r  s u l f a t e 1116.3
P ap er 0 .04 5 .0 0 0 .8 3
DMF 0 .2 6 930.00 1008.93
SO3 0 . 1 2 142.50 71 .35
H2 SO4 0 .1 8 4 6 .85 35.19
Corn sy ru p  s u l f a t e 71 .79
Corn syrup 0.07 159.40 4 6 .56
B2 SO4 0 .1 3 46 .85 25.41
M olasses s u l f a t e 47 .61
M o lasses 0 .07 76 .00 2 2 . 2 0
H2 SO4 0 .1 3 46 .85 25.41
C h ito san 530 .75
C h ito sa n 0 . 0 2 6 , 0 0 0 . 0 0 500.71
A c e tic  ac id 0 . 0 2 360.00 30 .04




$ /m il g a l
Wt. o f  COD 
Removed 
lb s /d a y
S u rch arg e
$ /day
Wt. o f  S o lid s  
Removed 
lb s /d a y
S a le  o f  
P ro d u c t 
$ /day
T o ta l  Saving 
$ /d ay
HgSO^-NaOH 73 36,070 1,443 15,330 1,150 2 ,520
Alum d u a l system 131 40,397 1,616 17,735 1,330 2 ,815
FeClg d u a l system 148 40,111 1,628 17,811 1,336 2 ,816
LSA 422 38,182 1,527 17,633 1,323 2 ,428
K ra f t  p ap e r 
s u l f a t e
1  1 ,116 37,589 1.504 17,695 1,327 1,715
Corn sy ru p  s u l f a t e 72 37,323 1,493 17,670 1,325 2 ,746
M olasses f u l f a t e 48 38,169 1,527 17,030 1,277 2 ,756




C o n clu sio n s
T h is  r e s e a r c h  i s  an  a tte m p t to  s e l e c t  c h em ica ls  which w i l l  be te c h ­
n i c a l l y  and eco n o m ica lly  f e a s ib l e  f o r  p r e c i p i t a t i n g  p r o te in s  from  food 
p ro c e s s in g  w a s te w a te r. B ecause o f th e  c o m p le x it ie s  o f  th e  chem ica l re a c ­
t i o n s ,  t h i s  i n v e s t i g a t io n  has been  o r ie n te d  tow ard  a c q u ir in g  an  o v e r a l l  
pe rfo rm an ce  o f  th e  c h em ica ls  p h y s ic a l ly  and c h e m ic a lly .  On th e  b a s i s  o f 
t h i s  e x p e r im e n ta l p h ilo so p h y  th e  fo llo w in g  c o n c lu s io n s  a r e  draw n:
1. R ecovery o f  p r o te in s  and g re a s e  from  th e  m eat in d u s try  w astew a te r 
by means o f ch em ica l p r e c i p i t a t i o n  i s  a  r e l a t i v e l y  s im p le  p ro c e s s .  
The r e d u c t io n  o f  w aste  lo a d s  to  t r e a tm e n t  sy stem s , se w e rs , or 
s tream s th ro u g h  th e  employment o f  known o r  p roven  r e d u c t io n  m ethods 
y i e ld s ,  in  many c a s e s ,  an  econom ic r e tu r n  i n  th e  form o f  b y -p ro d u c t 
re c o v e ry  w hich p a r t i a l l y  o r  t o t a l l y  d e f ra y s  th e  c o s t o f  th e  rem oval 
p ro c e s s  and , i n  some c a s e s ,  may y i e ld  a  p r o f i t .
Most o f th e  c h em ica ls  t e s t e d ,  red u ced  th e  chem ica l oxygen demand by 
a t  l e a s t  80 p e r c e n t ,  th e  suspended  s o l id s  by 95 p e r c e n t ,  th e  o rg a n ic  
n i t r o g e n  by 65 p e r c e n t ,  and th e  g re a s e  by 95 p e rc e n t f o r  meat in ­
d u s try  w a s te w a te rs . C hem ical p r e c i p i t a t i o n  i s  s u i t a b l e  a s  a  p re ­
tre a tm e n t s te p  to  f i n a l  b io l o g ic a l  t r e a tm e n t ,  th e re b y  re d u c in g  th e  
c o s t  o f b io l o g ic a l  t r e a tm e n t .
1 0 1
1 0 2
Chem ical t r e a tm e n t a ls o  h as  th e  ad v an tag e  o f  r e q u i r in g  o n ly  a r e l a ­
t i v e l y  s h o r t  p e r io d  f o r  r e d u c t io n  o f th e  w aste  lo a d .  C o rresp o n d in g ly , 
lan d  sp ace  can  be l e s s  f o r  chem ical t r e a tm e n t ,  th a n  f o r  b io lo g ic a l  
t r e a tm e n t.  T h e re fo re , chem ica l tre a tm e n t i s  a c a n d id a te  p ro cess  
fo r  b o th  m eat in d u s try  p la n t s  d is c h a rg in g  to  m u n ic ip a l sew erage 
system s o r to  i n d u s t r i a l l y  owned seco n d ary  sy s te m s .
2 . Removal o f p r o te in  and g re a s e  w ith  th e  p r e c i p i t a t i n g  chem icals 
o f f e r s  th e  p o t e n t i a l  o f a  reco v e re d  b y -p ro d u c t t h a t  may have a v a lu e  
a s  a  component in  an im al fe e d . T h is would e l im in a te  a  problem  o f 
u l t im a te  d is p o s a l  o f m a te r ia l s  rem oved. The s o l i d s  c o n c e n tra t io n
of th e  p r e c i p i t a t e d  and reco v e re d  p ro te in a c e o u s  s lu d g e  exceeds 1 0  
p e rc e n t .
3. R e s u lts  o f th e  t e s t s  in d ic a te d  th a t  c h i to s a n  gave th e  h ig h e s t o v e r ­
a l l  rem oval o f  o rg a n ic  m a te r ia l  from th e  m eat in d u s t r y  w as tew a te r.
The o v e r a l l  e f f i c ie n c y  in  rem oval o f o rg a n ic  m a te r i a l s  f o r  th o se  
ch em ica ls  t e s t e d  d e c re a s e s  in  th e  fo llo w in g  o rd e r :  c h i to s a n ,  f e r r i c  
c h lo r id e  d u a l system , alum  d u a l sy stem , l ig n o s u l f o n ic  a c id ,  k r a f t  
p ap e r s u l f a t e ,  co rn  sy ru p  s u l f a t e ,  m o lasse s  s u l f a t e ,  and s u l f u r i c  
ac id -so d iu m  h y d ro x id e .
The alum and f e r r i c  c h lo r id e  d u a l system s i s  th e  m ost econom ical 
p r o te in  p r e c i p i t a t i o n  p ro c e s s .  T rea tm en t o f m eat in d u s try  w aste ­
w a te rs  w ith  o th e r  ch em ica ls  in d ic a te d  th a t  a l l  th e  chem ica l system s 
te s t e d  a re  e c o n o m ic a llly  and t e c h n ic a l ly  f e a s i b l e .
4 . In  th e  p ro c e s s  o f s e p a r a t in g  th e  s lu d g e  from  th e  t r e a t e d  e f f l u e n t ,  
th r e e  p ro c e s s ,  i . e .  s e d im e n ta t io n , f l o t a t i o n ,  and c e n t r i f u g a t io n  
w ere u sed . The e f f i c i e n c y  in  rem oval o f s o l id s  by means o f sed im en-
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t a t i o n ,  a i r  f l o t a t i o n ,  and c e n t r i f u g a t io n  i s  5 0 -9 8 , 85 -96 , and 94-98 p e r c e n t ,  
r e s p e c t iv e l y .  T h e re fo re ,  c e n t r i f u g a t io n  i s  th e  c a n d id a te  p ro c e s s  fo r  de­
w a te r in g  th e  o rg a n ic  s o l id s  from  a l l  o f  th e  ch em ica lly  t r e a t e d  w a s te w a te rs . 
E f f ic ie n c y  in  rem o v a l of s o l id s  by a i r  f l o t a t i o n  p ro cess  d e c re a se s  in  th e  f o l ­
lo w in g  o rd e r :  c h i to s a n  (96 p e r c e n t ) ,  l ig n o s u l f o n ic  a c id  (89 p e rc e n t) ,  f e r r i c
c h lo r id e  d u a l sy s te m  (89 p e r c e n t ) , alum d u a l sy stem  ( 8 8  p e r c e n t ) , k r a f t  p a p e r  
s u l f a t e  (87 p e r c e n t ) , m olasses d u l f a t e  ( 8 6  p e r c e n t ) , and c o rn  syrup s u l f a t e  
(85 p e r c e n t ) .  D ew atering  o f  th e  s o l id s  by s e d im e n ta tio n  can  be u t i l i z e d  f o r  
th e  s o l id s  w hich r e s u l t e d  from  t r e a tm e n t  u s in g  th e  alum, and f e r r i c  c h lo r id e  
d u a l  sy stem s. E f f ic ie n c y  in  rem oval o f s o l id s  by se d im e n ta tio n  d e c re a se s  i n  
he  fo llo w in g  o r d e r :  alum d u a l sy s tem  (98 p e r c e n t ) ,  f e r r i c  c h lo r id e  d u a l
sy s tem  (96 p e r c e n t ) ,  corn  sy rup  s u l f a t e  (85 p e r c e n t ) ,  l ig n o s u l f o n ic  a c id  (80 
p e r c e n t ) ,  m o la sse s  s u l f a t e  (78 p e r c e n t ) ,  k r a f t  p ap e r s u l f a t e  (61 p e r c e n t ) ,  
and  s u l f u r i c  a c id -so d iu m  h y d ro x id e  (51 p e r c e n t ) .
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Recommendations
Based on th e  e x p e r ie n c e  from  th e  i n v e s t i g a t io n  o f th e  p r o te in  p r e c ip ­
i t a t i o n  p ro c e s s ,  th e  f u tu r e  s tu d ie s  shou ld  in c lu d e  th e  fo llo w in g  a s p e c ts :
1. Some p a ra m e te rs  such  a s  dosag e , volume o f  th e  w a s te , and th e  
r e t e n t io n  tim e  of m ix ing  w ere c o n t r o l l e d ,  s in c e  th e  s tu d y  of 
t h i s  p r o t e i n  p r e c i p i t a t i o n  p ro c e ss  was c a r r i e d  on th e  la b o ra to ry  
b e n c h - s c a le .  In  a p l a n t ,  th e  w aste  flo w  r a t e  and s t r e n g th  o f  th e  
w aste  w i l l  v a ry  w ith  tim e . I t  i s  e x p e c te d  th a t  th e  o v e r a l l  p e r ­
form ance o f  th e  p r e c i p i t a t i n g  a g e n ts  w i l l  be s l i g h t l y  low er fo r  
th e  p l a n t  s c a le  o p e ra t io n .  Thus, th e r e  i s  a need to  perfo rm  th e  
t e s t  on a  p i l o t  p la n t  s c a le  in  o rd e r  to  d e te rm in e  th e  m ost de­
s i r a b l e  o p e ra t in g  p a ra m e te rs  in  th e  a c t u a l  en v iro n m en ta l s e t t i n g .
2 . The know ledge of th e  ch em ica l r e a c t io n  betw een th e  p r o te in  in  
w a s te w a te r  and th e  p r e c i p i t a t i n g  a g e n ts  i s  n o t w e ll  e s ta b l i s h e d .
The s tu d y  o f t h i s  r e s e a r c h  s u g g e s ts  t h a t  th e  developm ent and a p p l i ­
c a t io n  o f  p r o te in  p r e c i p i t a t i o n  p ro c e s s  in  w as te w a te r  tre a tm e n t r e ­
q u ire  f u r t h e r  in d e p th  in v e s t ig a t io n s  fo cu sed  on th e  mechanism o f 
p r o te in  r e a c t io n .  H o p e fu lly , i t  w ould r e s u l t  in  ways to  p re p a re  
more e f f e c t i v e  p r e c i p i t a t i n g  a g e n ts ,  and o p tim iz e  th e  p r o te in  
p r e c i p i t a t i n g  p ro c e s s .
3 . In  o rd e r  to  u t i l i z e  th e  reco v e re d  s lu d g e  as an im al f e e d ,  s tu d y  o f  
th e  b i o l o g i c a l  v a lu e  o f  th e  s lu d g e  i s  e s s e n t i a l .  S in ce  th e  s lu d g e  
c o n ta in s  some to x ic  s u b s ta n c e s  w hich may r e s u l t  i n  a d v e rse  e f f e c t s  
on a n im a ls  th a t  a r e  fed  on t h i s  s lu d g e  d i e t ,  th e r e  i s  a  need to  
s tudy  th e  p h y s io lo g ic a l  e f f e c t s  o f  th e  re c o v e re d  b y -p ro d u c t on 
a n im a ls .
APPENDIX A
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Table A-1. Results of Chemical Analyses of Sulfuric Acid and Sodium Hydroxide-Precipitation.
pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y  (%)
I n i t i a l F in a l COD TSS Org-N O&G COD TSS Org-N O&G
3 3 1,822 — ---- ---- 62 - - —
3 4 1,504 478 63 ---- 69 76 48 -
3 5 1,139 301 57 406 77 85 53 81
3 6 1,809 551 65 --- 63 72 46 -
Raw 4,922 2 , 0 0 1 1 2 2 2,090 --- - - -
o
ON
T ab le  A -2. R e s u lts  o f  Chem ical A n aly ses  o f  S u l f u r ic  A cid  and Sodium H y d ro x id e -P re c ip i ta t io n  in  
High C o n cen tra te d  W aste.
pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y (%)
I n i t i a l F in a l COD TSS Org-N O&G COD TSS Org-N O&G
3 3 2,517 — — —  — 70 - — -
3 4 1,753 359 73 --- 79 8 6 52 -
3 5 1,183 186 60 350 85 92 60 84
3 6 2,316 422 73 ------- 72 84 52 -
Raw 8,392 2,640 154 2,318 - - - -
o-~j
Table A-3. Results of Chemical Analyses of 2% Alum Dual System-Precipitation.
Dosage pH C o n c e n tra tio n (mg/1 ) Removal E f f ic ie n c y (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
2 4 .6 1,144 —— --- --- 76 - - -
3 4 .6 1 ,004 --- --- --- 79 - - -
4 4 .6 831 41 41 --- 83 97 65 .84 -
5 4 .6 759 34 40 91 85 98 67 96
6 4 .6 807 43 41 --- 83 97 65 -
Raw 6 .9 4,922 2 , 0 0 1 1 2 2 2,090 — — — —
o
00
Table A-4. Results of Chemical Analyses of 2% Ferrie Chloride Dual System-Precipitation,
Dosage PH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y  (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
2 4 .5 1,151 --- --- --- 76 - - -
3 4 .5 940 --- --- --- 80 - - -
4 4 .5 650 25 37 --- 8 6 98 6 8 -
5 4 .5 620 23 35 81 87 99 71 96
6 4 .5 6 6 6 26 39 — 8 6 98 67 -
Raw 6 .9 4 ,922 2 , 0 0 1 1 2 2 --- - - - -
o
vo
Table A-5. Results of Chemical Analyses of 20% Starch Sulfate.
Dosage pH C o n c e n tra tio n (mg/1 ) Removal E f f ic ie n c y  (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
0 .3 5 .8 3 ,028 --- --- --- 43 - - -
0 .5 4 .9 1,652 606 75 667 69 71 46 69
1 . 0 3 .9 1,854 --- --- --- 65 - - -
1.5 2 . 8 2 ,127 --- --- --- 59 - - -
2 . 0 2 . 0 2,650 --- --- --- 50 - - -
3 .0 1.7 3 ,158 --- --- --- 40 - - -
Raw 6 .9 5 ,312 2 , 1 0 0 140 2 ,170 --- - - -
Table A-6. Results of Chemical Analyses of 20% Molasses Sulfate.
Dosage pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y  (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
0 .3 5 .5 2 ,125 --- 70 --- 60 - 50 -
0 .5 4 .9 1,296 123 48 238 76 94 65 89
1 . 0 3 .8 1,479 — 57 — 72 93 59 -
1 .5 2 .9 1,625 — 60 — 69 91 57 -
2 . 0 2 . 1 1,854 — --- — 65 - - -
3 .0 1 .7 2 ,340 — --- — 55 - - -
Raw 6 .9 5,312 2 , 1 0 0 140 2,170 - - - -
Table A-7. Results of Chemical Analyses of 20% Corn Syrup Sulfate.
Dosage pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
0 .3 5 .5 2 ,125 -------- 74 -------- 60 - 47 -
0 .5 4 .8 1,077 60 48 130 80 97 65 94
1 . 0 3 .9 1,156 84 55 -------- 78 96 60 -
1 .5 2 .9 1,343 115 58 --- 74 94 58 -
2 . 0 2 . 0 1,487 --------- - -------- 72 - - -
3 .0 1 .7 2,125 -------- - -------- 60 - - -
Raw 6 .9 5 ,312 2 , 1 0 0 140 2 ,170 — — — —
N)
Table A-8. Results of Chemical Analyses of 20% Glucose Trisulfate.
Dosage PH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y  (%)
ml CDD TSS Org-N O&G CCD TSS 1Org-N O&G
0 .3 5 .5 2 ,130 — - --- 59 - - -
0 .5 4 .8 956 44 47 277 82 97 6 6 89
1 . 0 3 .8 1 , 2 1 1 --- - — 77 - - -
1 .5 2 . 8 1,301 --- - — 75 - - -
2 . 0 2 . 1 1,599 --- - — 69 — - -
3 .0 1.7 2,045 --- - — 61 - - -
Raw 6 .9 5 ,312 2 , 1 0 0 140 2 ,170 - - - -
Table A-9. Results of Chemical Analyses of 15% Llgnosulfonic Acid.
Dosage pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y  (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
0 .5 2 . 6 1,279 2 0 0 --- --- 74 90 - -
1 . 0 2 . 6 1,017 1 0 0 38 --- 79 95 6 8 -
2 . . Q 2.6 35 36 81 98 70 QU
3 .0 2 . 6 8 8 6 27 36 1 0 2 82 98 69 95
4 .0 2 . 6 1,080 108 --- — 78 94 - -
Raw 6 .9 4 ,922 2 , 0 0 1 1 2 2 2 ,090 - - - -
Table A-10. Results of Chemical Analyses Of 1% Viscarln 402 Carrageenan.
Dosage pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
8 2 .7 1,678 --- — — — 65 - - -
1 2 2 .9 1 , 2 2 2 521 6 6 --- 75 73 45 -
16 3 .0 1,056 408 57 405 79 80 51 81
2 0 3 .1 1,433 558 71 — 70 72 41 -
24 3 .2 1,858 --- --- — 62 - - -
Raw 6 .9 4 ,922 2 , 0 0 1 1 2 2 2 ,090 - - - -
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Figure A-11. Results of Chemical Analyses of 10% Kraft Paper Sulfate.
Dosage pH C o n c n e tra tio n  (mg/1) Removal E f f ic ie n c y (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
2 3 .3 1,328 --- —— --- 75 - - -
3 3 .3 1,037 — --- --- 80 - - -
4 3 .3 984 --- --- 81 - - -
5 3 .3 937 63 51 --- 82 97 63 -
6 3 .3 8 6 8 44 49 132 84 98 65 94
7 3 .3 921 60 52 --- 82 97 62 -
Raw 6 . 8 5 ,312 2 , 1 0 0 140 2 ,170 - - - -
o\
Table A-12. Results of Chemical Analyses of 1% Chitosan.
Dosage pH C o n c e n tra tio n  (mg/1) Removal E f f ic ie n c y (%)
ml COD TSS Org-N O&G COD TSS Org-N O&G
0 .5 6 .5 711 69 55 --- 8 6 97 6 8 -
1 . 0 6 .4 622 25 49 97 8 8 98 72 96
2 . 0 6 .3 665 70 6 6 — 8 6 97 62 -
3 .0 6 . 2 753 — --- --- 85 - - -
Raw 6 . 0 5 ,100 2 ,360 178 2,209 --- — - -
Table A-13. Laboratory Results on Consistency Tests of Chitosan.
Sample COD Suspended S o lid s O i l & G rease 0 rg-N
I E I E I E I E
1 5 ,100 622 2 ,360 25 2,209 97 178 49
2 4,156 561 2 , 0 2 0 2 0 2 , 1 0 0 48 136 35
3 8,219 1 ,684 2 ,560 51 2 ,530 164 217 6 6
4 4 ,478 425 1 ,800 14 2 , 0 1 0 70 1 1 0 27
5 5 ,014 702 2 ,150 17 2 ,085 56 128 28
6 6 ,920 941 2 ,430 24 2 ,1 1 8 105 160 46
Average 5 ,648 822 2 , 2 2 0 25 2 ,175 90 155 42
N o tes: I  = i n f l u e n t ,  e x p re s se d  mg/1
E = effluent, expressed mg/1
Table A-14. Laboratory Results on Consistency Tests of Sulfuric Acid and Sodium Hydroxide.
Sample COD Suspended Solids Oil & Grease Org-N
I E I E I E I E
1 4,922 1,139 2 , 0 0 1 301 2 ,090 406 1 2 2 57
2 4,156 918 2 , 0 2 0 282 2 , 1 0 0 375 136 54
3 8,219 2,145 2 ,5 6 0 409 2 ,530 575 217 99
4 4 ,478 895 1 ,8 0 0 268 2 , 0 1 0 412 1 1 0 42
5 5 ,014 1 ,103 2 ,1 5 0 260 2 ,085 387 128 46
6 6 ,920 1 ,560 2 ,4 3 0 410 2 ,1 1 8 455 160 64
A verage 5 ,6 1 8 1 ,293 2 ,160 322 2 ,155 435 145 60
N o tes : I  = i n f l u e n t ,  e x p re s se d  as  mg/1
E = effluent, expressed as mg/1
T ab le  A -15. L a b o ra to ry  R e s u lts  on C o n s is ten c y  T e s ts  o f Alum Dual System .
Sample COD Suspended S o lid s O il & G rease Org-N
I E I E I E I E
1 4,922 759 2 , 0 0 1 34 2,090 91 1 2 2 40
2 4,156 561 2 , 0 2 0 24 2 , 1 0 0 63 136 40
3 8,219 1,279 2,560 53 2,530 141 217 73
4 4 ,478 460 1,800 19 2 , 0 1 0 1 0 0 1 1 0 29
5 5,014 591 2,150 2 1 2 ,085 83 128 33
6 6,920 997 2,430 48 2 ,118 105 160 51
A verage 5 ,618 775 2,160 33 2,155 97 145 44
o
N o tes : I  = i n f l u e n t ,  e x p re s s e d  as  mg/1
E = effluent, expressed as mg/1
Table A-16. Laboratory Results on Consistency Tests of Ferric Chloride Dual System.
Sample COD Suspended S o lid s O il & G rease Org-N
I E I E I E I E
1 4,922 620 2 , 0 0 1 23 2,090 81.09 1 2 2 35
2 4 ,156 473 2 , 0 2 0 18 2 , 1 0 0 63 .21 136 35
3 8,219 1,512 2,560 48 2,530 136.62 217 62
4 4 ,478 376 1,800 14 2 , 0 1 0 98.49 1 1 0 25
5 5 ,014 606 2,150 17 2,085 80.90 128 28
6 6 ,920 833 2 ,430 25 2 ,118 109.08 160 45
A verage 5 ,618 737 2,160 24 2,155 94.90 145 38
N o te s : I  = i n f l u e n t ,  e x p re s se d  a s  mg/1
E = effluent, expressed as mg/1
Table A-17. Laboratory Results on Consistency Tests of Llgnosulfonic Acid.
Sample COD Suspended S o lid s O il  & G rease Org-N
I E I E I E I E
1 4,922 926 2 , 0 0 1 35 2,090 124 1 2 2 36
2 4,156 750 2 , 0 2 0 40 2 , 1 0 0 126 136 42
3 8,219 1,822 2,560 72 2,530 2 0 2 217 71
4 4 ,478 761 1,800 33 2 , 0 1 0 1 2 1 1 1 0 34
5 5 ,041 927 2,150 19 2,085 1 1 2 128 37
6 6 ,920 1,179 2,430 75 2 ,118 137 160 56
A verage 5 ,618 1,040 2,160 45 2,155 137 145 46
N3
ho
N o tes : I  = i n f l u e n t ,  e x p re s se d  a s  mg/1
E = effluent, expressed as mg/1
T ab le  A -18. L a b o ra to ry  R e s u lts  on C o n s is te n c y  T e s ts  o f K ra f t  P aper S u l f a te .
Sample COD Suspended S o lid s O il & G rease Org-N
I E I E I E I E
1 5 ,312 8 6 8 2 , 1 0 0 44 2,170 132 140 49
2 4,156 916 2 , 0 2 0 40 2 , 1 0 0 126 136 41
3 8,219 2,128 2,560 75 2,530 253 217 67
4 4 ,478 734 1,800 27 2 , 0 1 0 148 1 1 0 31
5 5 ,0 1 4 923 2 ,150 32 2,085 135 128 31
6 6,920 1,487 2,430 109 2,118 167 160 44
A verage 5 ,6 8 3 1,176 2,176 54 2,168 160 148 44
M
to
N o tes : I  = i n f l u e n t ,  e x p re s se d  a s  mg/1
E = effluent, expresses as mg/1
Table A-19. Laboratory Results on Consistency Tests of Corn Syrup Sulfate.
Sample COD Suspended S o lid s O il & G rease Org-N
I E I E I E I E
1 5 ,3 1 2 1,077 2 , 1 0 0 60 2,170 130 140 48
2 4,156 835 2 , 0 2 0 60 2 , 1 0 0 115 136 44
3 8,219 2,063 2,560 99 2,530 199 217 76
4 4 ,478 707 1,800 45 2 , 0 1 0 142 1 1 0 34
5 5 ,0 1 4 1 ,232 2,150 23 2,085 106 128 36
6 6,920 1,334 2 ,430 58 2 ,118 156 160 51
A verage 5 ,6 8 3 1,208 2,176 57 2,168 141 148 48
to
N o tes : I  = i n f l u e n t ,  e x p re s se d  a s  mg/1
E = effluent, expressed as mg/1
T ab le  A-20. L a b o ra to ry  R e s u lts  on C o n s is te n c y  T e s ts  o f M olasses S u l f a t e .
Sample COD Suspended S o lid s O il & G rease Org-N
I E I E I E I E
1 5 ,312 1,296 2 , 1 0 0 123 2,170 238 140 48
2 4,156 833 2 , 0 2 0 1 0 1 2 , 1 0 0 189 136 46
3 8,219 2,054 2,560 176 2,530 290 217 79
4 4 ,478 721 1,800 117 2 , 0 1 0 152 1 1 0 38
5 5 ,014 1,173 2,150 130 2,085 133 128 38
6 6 ,920 1,730 2,430 158 2,118 235 160 57
A verage 5 ,683 1,107 2,176 134 2,168 206 148 55
to
Ln
N o tes : I  = i n f l u e n t ,  e x p re s se d  a s  mg/1
E = effluent, expressed as mg/1
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Table A-21. Results of the Class-1 Calrification Test of Sulfuric Acid
and Sodium Hydroxide.
S e t t l i n g  Time 
Min
S e t t l i n g  V e lo c ity  
f t /m in  X 1 0  ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F r a c t io n  
Rem aining
0 0 . 0 2 , 1 0 0 1 . 0 0 0
1 0 23 .5 2 ,095 0.998
2 0 1 1 . 8 1,974 0 .9 4 0
30 7 .8 1,938 0.923
40 5 .9 1 ,869 0 .890
50 4 .7 1,575 0 .750
60 3 .9 1,352 0.644
80 2 .9 1,176 0 .560
1 0 0 2 .4 716 0.341
1 2 0 2 . 0 441 0 . 2 1 0
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Table A-22. Results of the Class-1 Clarification Test of Alum Dual System.
S e t t l i n g  Time 
Min
S e t t l i n g  V e lo c i ty  
f t /m in  X 1 0  ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F r a c t io n  
Rem aining
0 0 . 0 2,350 1 . 0 0 0
1 0 2 3 .5 1 , 8 6 6 0.794
2 0 1 1 . 8 1,584 0.674
30 7 .8 1,081 0.460
40 5 .9 259 0 . 1 1 0
50 4 .7 165 0.070
60 3 .9 59 0.025
80 2 .9 42 0.018
1 0 0 2 .4 35 0.015
1 2 0 2 . 0 31 0.013
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T able  A-23. R e s u lts  o f  th e  C la ss -1  C l a r i f i c a t i o n  T e s t  o f  F e r r ic  C h lo r id e  
D ual System .
S e t t l in g  Time 
Min
S e t t l i n g  V e lo c ity  
f t / m in  X 1 0  ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F ra c t io n  
Rem aining
0 0 . 0 2 ,580 1 . 0 0 0
1 0 2 3 .5 2 ,436 0 .944
2 0 1 1 . 8 1,277 0 .495
30 7 .8 263 0 . 1 0 2
40 5 .9 206 0 .0 8 0
50 4 .7 160 0 .062
60 3 .9 1 1 1 0 .043
80 2 .9 70 0 .027
1 0 0 2 .4 49 0 .019
1 2 0 2 . 0 44 0 .017
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Table A-24. Results of the Class-1 Clarification Test of Lignisulfonic
Acid.
S e t t l i n g  Time 
Min
S e t t l i n g  V e lo c i ty  
f t /m in  X  10 ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F r a c t io n  
R em aining
0 0 . 0 2 ,4 1 5 1 . 0 0 0
1 0 2 3 .5 2 ,2 9 4 0 .9 5 0
2 0 1 1 . 8 1 ,811 0 .7 5 0
30 7 .8 915 0 .379
40 5 .9 761 0 .3 1 5
50 4 ,7 502 0 .208
60 3 .9 442 0 .183
80 2 .9 193 0 .0 8 0
1 0 0 2 .4 164 0 .068
1 2 0 2 . 0 75 0 .031
T a b le  A-25. R e s u l t s  o f  th e  C la s s -1  
P ap e r S u l f a t e .
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C l a r i f i c a t i o n  T e s t o f K ra f t
S e t t l i n g  Time S e t t l i n g  V e lo c i ty SS C o n c e n tra tio n Wt. F r a c t io n
Min f t / m in  X 1 0 mg/ 1 Rem aining
0 0 . 0 2 ,640 1 . 0 0 0
1 0 2 3 .5 2 ,458 0.931
2 0 1 1 . 8 2,323 0 .880
30 7 .8 2 .088 0.791
40 5 .9 1,848 0 .700
50 4 .7 1 ,589 0 .602
60 3 .9 1,188 0 .450
80 2 .9 924 0 .350
1 0 0 2 .4 663 0.251
1 2 0 2 . 0 370 0 .140
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Table A-26. Results of the Class-1 Clarification Test of Corn Syrup
Sulfate.
S e t t l i n g  Time 
min
S e t t l i n g  V e lo c i ty  
f t /m in  X 1 0  ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F r a c t io n  
Rem aining
0 0 . 0 2 ,245 1 . 0 0 0
1 0 2 3 .5 2 ,083 0.928
2 0 1 1 . 8 1,551 0.691
30 7 .8 846 0.377
40 5 .9 707 0 .315
50 4 .7 467 0 .208
60 3 .9 410 0.183
80 2 .9 180 0 .080
1 0 0 2 .4 153 0.068
1 2 0 2 . 0 1 1 0 0.049
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T able A-27. R e s u lts  o f  th e  C la ss -1 C l a r i f i c a t i o n  T e s t o f M olasses S u l f a t e .
S e t t l in g  Time S e t t l i n g  V e lo c i ty  
Min f t /m in  x 10 ^
SS C o n c e n tra tio n  
mg/ 1
Wt. F r a c t io n  
Rem aining
0 0 . 0 2,280 1 . 0 0 0
1 0 2 3 .5 2,166 0 .950
2 0 1 1 . 8 1,938 0 .850
30 7 .8 1,553 0.681
40 5 .9 1,072 0.472
50 4 .7 673 0 .295
60 3 .9 479 0 . 2 1 0
80 2 .9 228 0 . 1 0 0
1 0 0 2 .4 182 0 .080
1 2 0 2 . 0 137 0 .060
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